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indaftMi»t n&oMniB IMBS ^^ataiua * mm^i-mB four diapters 
lie imro^iietiea al^ fee a ^leiroix^ iNirvi^  of ^m mietsjsg 
Glisalc^ Utcratir« en ^m ooc^ltxe^ of irEimiiiiis (If) t 
i^ smdiiiai (I l l ) f «lel>i«@ vf) m^ ^nt^ima (?) aii6 tli« «<iriof» 
^Is i^ioetitHaloal t ^ l s #ii€9i foain> tm^n e x c i t e d in ^ast n^ttr* 
tniiKaBfit of ^0 eoiapdattloii ftuS ^ e «ltiei<Satio]s of lti« 6lrtioteF« 
of Hi^o Goii99lfmt»« 
;«£ doals miHk Wm aonilliosiR of Ute oo«i>lex«n of 
oamiKkixilliui (It) vitli ^ i o ^ ^ e a t totroMnOf o«»toUAifiOt 
grupBm^mAm^ MiKonUoyiolAiiijri*) tri«tli3rle«ttttrnMliitt 
Mfi<l^ «adtU]l)4f%lifloiiotlMBlii»» bSji(iP»«llUtt)1(rlot%loiiitotrMaiat, 
t»l.«(miillUA)lw8siiiat* M!^imaiiUtt)o«'diofi&ffldi»t» %&o(imiillU»)< 
4il9i3Nlo)lf9»s>roipMaiJUi€nit Mo(«tiil8i!a^Mlif4tai)|Nifiioi9tOB0ilMi|]ii» 
Mo(iuttMa4altaNNi)%«ni)UKiMit Ho(firflnai«ttqrA«)(bofloiAlni)t 
C t > 
fsm^tmmm tmm ^ mm nnatimet for onr^ mit h^m^sm mm& eit^e^ia 
«ti^lf^ M^ Qmmme^w& iZfi $^ %M ts^m ratio c»f i;^* ri>fi» 
imxm» In il«t^9l I^Mniie ,»"• sf M ^ orin* l^at all tl^it 
(i««ril]M%leii 900m piAliif ^ » iMtt^tn out and tiinr«ft«iB8 ^i» 
1tk» i*r« i^dtra of tlw f^iip|iti«» imm %»te» Almni^ ioA 
( 5> 
Aluaaiith ttom e£ tli« mtrmmJ^^M IM^m^^^ IM pe sit ion 
talmd on tbe ^^ «iiiiii of H&e i^r* ^aM ilkiftii« Ihtte in %tso (»f»» 
mmaiiz& ( m cdf^ldx of %ilo(ei»lt^«1.iftt)7^)ti3*pPop@i3e^aiiSiN» 
tHo m^iistftifig of %!» "^  CD of tilt |ii«»oi&o r^B mi& ttio tt i i^t 
M f t l i ^ of %tm iliOfxiUo OE iti i'^ U^ »@ ^ i i i l s s isiH»i^ tlw aoi»» 
lo»l»^.tlon i%ftd fiei>»pe3rtiol|^tt0ii of ^ ^ i^ Si«!30lle t$(k^x^ 
l^mp* tn itie oiifto of ^KmUoja-^Xdol^rii) triotiiyteiiotatFfislsOt 
for ' US lr,*iii^ to !^si» eoaetdsion ^- .^t oooraitetisii ooiiro 
w i ^ HI® 1m itoiM^ ^bmB»& »itro0ef» a@ ttiafo ;.o ittio l i t t l o 
eli^ii^ In V 00 mM in ^niw bon i^nn of i^ Mnx i^o t^ fsmnmm 1ts« 
i»i^ * i^otfit of alt 1^0 ti»to1sy fdir Ui^nin fmd ^i»ir eoiroo* 
pondia^ ee« tmstm hwm lio^i dikwmwtmA mnA ^ o peoitiDii of 
etit^ lUUii^ tSoii In tilt li^ XKA ioier»|j3o6* 
iii0 tnorw^oao oot*rot>6r»to none of ttm ol>8«rv»it|i>»o 
niA» on tho ^fite of i«r« ii»otrft« l i ^ otinlootlon of «mt«r 
At i«i^protiro0 ft^fo tO(?^ o iiiAlos.t«e o orAiaatod oottr oaft 
o% toMprfili^^fs iitiilo litilow tOff a lAiowo tlio proeoneo of tottlow 
( 4) 
baafta In a l t «RM8» fm l»8taaQ« in Ms(mUe^1.iilMhffti)« 
ttiromsit %tm ttm Mtroiia atoi^ and mt t troe^ ttia }iy«r<it|t 
@f#&9t« Tim t a t ndioti® @ii@i£pti9& 0f 6ftiiOi?i.ai4i<ti3r^ w^t 
ms^im ant Urit t f C^ g^>« la^r* Hsit ili«riii$ir i^©ii of »lx%««i 
eoi®>|f«06 0f 03K&iniiiii^ lt»8i iXf) Mm ^en d@aeri!j@d ftnd inttrsr«lMii 
in t&e £»?« 0f a taMt I .a* 
aM l«Ca I^ *^ ^ %^ l4i«ii are ^tiite low toy $ iiti^« ttsj^^lrti i^ttetx^en 
%r ottmr woT-lcer; l^m>» 4ie loiw r^ vniigiar hnvt l3«i>n i^ c l^aiiwA 
«»rlo«g|y« ^^ orM««3. o^ntrilmtiott iss eoM^etiHy Qiiftaeti»a, 
TtuKTv i s antifv^oiMsnitio mttibAxm e^ l l ia f <ii>i itlw irioeip*! 
pat& feir sipin eoni^im i s dlrsttt (^  «M>l«l««it3!il inltraetion, 
A a l i l ^ Isw^ins mf alM 1M aUrilmtsd t« %tit frsssno* sf 
lo««r iQWMlvy osapiaMits and disloa'tion ttmi ^m itmXimA 
i s m rtfM%m 1m% a l l Uis S^M^ISS^S 
( $ ) 
6»fMri%ed UttTft coBtftlJi mwkllyt i»m» In tit* •ot«ltiittnil 
eo»!!lii»iGR« of mm^ !•&§ fltnttmUjr SlglGrti^ii i t INNMI • • 





V faK9 tigS •# '^ '^  *•• sr)t • i3t 
mo mliiot ©r V J, ,Vg ana ^5 wiU ttittt lit e<|a«a to (JiJo-SlJt), 
( tos^ D»» 1(5i.t) soft CloiSittSiJiiw sot) renpocUvoly, laea«o of 
otofiaiatloo along tho asos in tbo @(^t«rii^ ploiiOf tiff «iNrar 
x . « i a i . ^ « i i * i *. dw { * « ^ « „ < * . » . , * < « . » « 
%^ <m< IB^ S < «|I« BiMt Aitftortioii XmM to olwiiii ia 
lioiiA tOMgtiM oloag ttio oxiil att^  Qt^ti»*ioi looitSoaot «iio 
dittiastlott i s Mkio 19* tlio rcKlliil. igBOtnm^mm Bqt Bo oKi Dl 
( 6) 
«hiolt artt x l^^ 'it^ a to $«r»etUt«4 ^ s r t ^ l Iff^ iMaositt ^H&UtoiilMi 
IK: • C6 f a ) ?^  c^? fi^a)st 
BC* is a, aeaaore of tt& r^m^t^m 1S^--pSi f i t t a axp«rl®«B«a tgr th« 
in s^ c^ jii It^iM f leia* B^0Q 3i'9i@@ t^ de^re^ of t#tmsoia3.i^» 





t« C»53)i • ^!^)t tODQ Mai (10 !% «. 4 » * ^Ul) rtt9|M0tlV«m 
tNie i t ifn posi!!ll9.« to c^lotilfttt xs^% lm% Bt* Di7» BS Ant fi1/B0, 
(t) 
or csvr flpm^jr* M* tAmtstenSi:^ m^tst^ et tut eem «^»iHi 
CB^ h cr e^¥) 0tri!fita^ virloh io mt ^m (»fis« ia the aolid »«iitt«« 
in c«ll«i»t» "im «le»tip«w9|e 8psot»> of 14 tstm^mtxsm liaw !»«»« 
3t0 9«d.:r« afeotm of mmfk mt^mm of ojcommoies CI^ 
hnw ^oea tatcon at tifoia elt70®sa teaperattro* &« n mliito 
ti^m ^m& mlmtfi^ik* '^m h^m 0mm iiotrepio i^etra glirieg 
< g > f»lLot8 ^h0Tmn in ttJO rest of tfee 0fts«8 K !! »nft s X 
<B> • V 5 C t « J L * t l l > 
SiaHMFljr oslottlatioiio Ismm ^mn mdo to nottortalii A J^ onA A f f 
< ^  >«• 1/9 (Si A J , * * in# 
mo olmiNi of tbo opootTtta In tlioao tim mmm ifaooo oslol 
isitmm'mtim md* on tin Melo »f t«r» K^otrn «ad «ftl«r 
iSP'SMrtarjf t ^ ^ & ^ Bjj^ ' ^  ®i *> @ 11) in dl^Kliaii* UMI 
imt^tt mliuiattta fur %® ot^t^eet me &mn I B taMt t«f* 
0!iiiMtetiri8ttd %f et^si^'M guantyiMNit M l ^ ^ p&itBm end e^ei^e* 
A® ecMgto^tl^iis tm'm ttmm gkmn. ia %%%!• 2^1 * ni^etlaMBi^t 
aM e»toiltliMi rttiot « i ^ wmiitfli (111) In 1li« vmtKt r<i%l# 
Hit «»lL#ir Qoiiltecit{iao«ir %« ic r% dliutioa in aiat^i i t 
( 9 ) 
ao »t>t li»fi&8«« 
i«f • ^xmtra fcr ^ l UMI t4 (sm^mtm tinirt ^en ^aeitfiati^ 
men ia ces^ariis i^t «ill& l^m of tli© ooir^ Gpofs^ ing lIpME^ s 
afiQe^ tftiii ^& @ltt of €i:>0raimtioa in Hi® U^^id* 
:}|0 Ustrse^itw on o i # t oonptesiMi l^ im 1i0«» mmlfmA mm 
gkfttu. in taut 2»a« '^ fcitso liaf« l)e®ii foiasii to INI mtf smm^ntlm 
in A §m mtmn^ tn MsM.&m'^mlUm m&m^tm {lit) eo^^ox* 
fi^ inotiiuEKiOt ^ t fir»t %m infleetion poliite iiiiMiir tiit r««»«ftl 
of n^ii^ nt 3m%»A 420^ 0 and timm tim ^mu UmM i« rti»v«A 
tor ISC^ O, Hie fMtai i« left ligr 60C^ C« 3ik p«9lM«v1.o»i«U«lMi 
oo« lex tlioro 1» first the roaovia of ^ 4 % ^ «^^ 22€Pc wnA 
tiMm totol U^aA tooo ocoira* Iliis sl^alfito tlif eoordiq|||.ii« 
< 10 ) 
• f nut mt^ m^V «i%)& immtlaa (Sll)« itoli d^duetiott* lunv* 
^en im^d ttm tti« aotO/eltt of :^ Clii. a&tci^  iiii«ii ecrro^Krato 
I 3 5 f e#36, a»*tt 2.1C .^na S,45 ri.fUCe«« t«me .^a) . Bi««» 
Vil«©o «Pt let^y ttiisii tlr*t exiweted f»r two laipijarei mtee^tem 
partially o i^dlnttS ^stim ^® Far^ a?^ ^ imiwsii ef tmm^tiM 
la til© #leetroiAo epoetra c^ v mitiSB {ill} tiafto feaa^ 
ar© ot>]iar9ttd | 
From 1 ^ n^eolritB of ir(in)« i t in poociHo to o&Xeoioto B| 
a Raosll pariMBStdr »iift A § Hio Orystfit]. fioldi ofilitttiiir 
pora«tt«r« mo imlott of B f i ^ 0 ISroo ir(xn) Ion i » 860 oliioH 
io toiUil to do r^oiioo on oooiaiox fenaivtloa whift roAootSoB i» 
of nttAi. etetttmiis m to i l l * tt|^tiir<-» ^tm em»m ^^ ^ ^ 
I? I 3T<I^ * - 5m ffk\ 1 
mmmmmmmmmimimmmm IMIillllllHilllHmilllW Wt t^^S^ 
B 
KI \^v) <!— \ ^ ( n 1 
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmtmm M 3 ® * ^ 
B 
i l l mjeX mM «l>ofr fw«l« vv&iMMt #f fttsaoioi ddlmt« oetalwArttt 
aottflpmtiom wlwir«a« ^ui flp»otr« tokaa la N»^iMiolt« wlittidii 
for !»tl tho eieif«» fMM||4«c«« flv» v»rjr elour ovtiOMMi of oOlMiio 
Ikoiri^ iiOMGlrjr, I t io» HiorofoPOt oo«et«Ao6 llmt io HIMI oo^i 
tattiee ^Mrro to ooM folfwrlo ors t^tofltitoiil oiOob wdcoo 
( u > 
immmvm (III) im oet«litirii|« Xa tselliftmlie lotcitioiiy 
f*©©i8 %«!©«*".tare* 3m i^is ".tiii'j i r a»5 t& tte^ c^iit^lM witfe 
ntfT 1^ tiuft ar«# laeetroa g mtm of <^ *0023* ^ « mai^t deviation 
is gw&umim ot tl^ « ^$Ma^ Qf tte af^ iiiiBa «t t^e «ritk tkt low 
.•^ .^^ ^^ .^^ ^^ „„^  fs«»lit mini tm mm^mm^i «f ida& i^ni pcaiftiiiiorid® 
mi%% tmmw lis^^niii vifi# ii^6]ri«ii»aii»»iii»t l^>*ptmm9mU»miam§ 
^|i»^i3lt»it«^traaiM» ^nsidiiitt »»teUAiwit 9*»^ifai|l8i«iatt 
o««|iii«J9tftamll«inia»t 9*9lMMi9t«iit«iAai«it iMUiiaidiatt iiyiMitfiiiit 
ti|ii{iiaiontt^<l0t34^) X93»0F^s»m4i9Mim$ lil»CimaAUi»)i»SN^opM» 
tiiiiiiiit» 1tte(imiiiUiA)lf3**9reiMUMtaiaidiMt, bi8(vMkiUi»}trlit«lifl«Bt» 
tttr«iin»» lii«i<itaifiilllii)1wiigi4ifi»t %i«(v&oilliii)o«*4iMii«i4ini» 
(W ) 
«liialiit»1}|e<mfi««|%seet0iie)tNimiMat» aai l>i»( «iiifl^Aii&9^)««lijr1.*fiit-* 
trlet'l^eiittetsfi^iMf Q^iiildiii«» MoCv&ffi&l.1.iii>lt^ "^p^pia»dlftciltitt 
HsCvr^mtl l&)c»«*ai®ikl 8iai8«» ^oCite t|flaoetoii«)@tliyl«tieaiitiidliiftf 
t»a.ft<&e«tyiA» tQiii)p»i^i^l«ii!sdia!sl.««i nM MiCan&eal^^ijr^)-
«tl% l^«ii»dii«lia& ^rt t : i •l«etrGi/t«ii» th»m with }»mi&gm9 
9^MI inflTK r« i tf^etrfu of a l l ^i« tiit»l)r «0«9l«3ni« l»iw 
niift «&• tlurttttarsMi li«t» tMMft amljrsffiA «.« in pttnim^ t»» 
( U > 
tAtimxiillin}l93^pr&P^xgiU9m$mt^ Hit^ mm^mmQp Wm them 
and tmitattiQ C^ ^tm 0m t^t tUm mSmt^im ^sptet of %m 
eom'&Msmt^n ot)@ssifitT^  of MoHms (f) and tc3j;ifeii3litn (f) Is timt 
lilG« ttt« tAii^ ii&iiia«6t Vimm elmmn%» in %tm ptatmYHlvat Stat* 
1iaf« a t«iiAffiiiojr to ftttaltt a iii|]|ti ooorfiimtioit miibtr* 
CaiECKLD-1^2 
L^ /^/ ^:; 
'WUot.livl Ui>.i>"^'*^. 
.^  ; fr''- \99^ »^  
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Qfjf-.^ 
A L I G A R H M U S L I M U N I V E R S I T Y 
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Department of Chemistry Date 
C B R ? I £ I C .\ A-'^  JS 
TtiB i s to cer t i fy th^'t the woz'k jpfreBcnt®* 
In thie tt^slc: i e th« origjjrial work of the oandid/ te 
dofl^  t^ him tander osy fflape-^Yieloa aM fmm not treea 
Biitxaitted erirller ao a i'h.B* t h e s i s . 
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imi grafeitoit to agr I t ^ m i t»mmmt m& oapenrfiior 
IT, lia««r »Smm&t R«ft4ffir, l^portsent ef Oiwelatirsrti^lii^rli 
WBLi^im 13x$mTt!i^§ iXims'hp fcr His mrf fctea interest 
itad ftlil* i»S.aiaii»t i s esf^ili^ oat th® wasfk mmti}m<i, in 
t l l iO ttl«8i»« 
I mm 9Xm ^»BkfvS. to Frof • inslur HuOuHm, ii@adt 
l^'^rteei^ ef (^inifttrrt ^ii^^b %alitt llfiiir@r&l.tj,Ali9?'lit 
fm pronidting BeeesMnr fanilitioo Svi»g tlm eonriie of 
tliie 
Head of CfeMii@tr|r Sipiifti^iitt ^H&f«r^tr of ioorkee* Hooi^ ltee, 
for liio botf in marvfim «Mit ^o natgiiotio aoawreiBoiito »t 
hio dowrtiMst And 
X viidi to l^ hotfl ft** JTiMiii llMHi#§ lAOtVf^f SepartttOiit 
of Clioni,otryf ^^ ^^^ o»eoir&pi»ent« m& tmlp isgtim tho 
wlioto porloA of veoftari^ oork* 
A4f««»t«» SSftmairt sM1i9.1 ShtloaKl OeU^Stt AaM|«Krli, f«r 
Hit b«i»g wry UbfTflil In 9r»sli«i MI sts^r t«%^ ii»a«r %\m 
stiiHi Hfttionail Ooll«i»» AffnnfliKrlif f«r bis «oii»tenl •tiooiir«i»attii 
ftAd mftflQ* for ^ing rime r^t Atiriftg Ms texnrtt of effiet* 
I ft» mlm %'^mf^ %m %*• t^^« iiOlialiit Friiielp«l»^liil»U 
I ftoleiiQwIttdift nr «|^|^^oiati&» of al l tlio imiMRireli ooll«i0t«« 
f^otelly i|^ « Aim nto^Mt U^tB^m 4«li»r AM Badroiain Ktsna fur 
%h»i3t ooopttr&Uoa and hol^ at owvy «II»0B «f 1^« work, 
!*•% Uit o»t tit* iMitfli X liftw « 9^at vr^t to Ouude ar 
«lft for Iwvftag teleoa tlM tetel alraia of <to«i«li<i i^«9r«» la 
%\m wtikm of ar total Aftalatarool oaA aigliiMMa teooaoo of or 
III111I i l nil aboiPlMUMNi ia inno»r(Mh_ 
BtportiBOat • f QtMalitrr 
A*tl«t?,t AXiiurh* (XaAla), 
o o R Y i s r s 
X* LumAfma mmwt 
COMHiKltlS OF mmHTGU (XT) 
MiKmmm 
mmmmmmmmmmSm 
COimiXIS Of Y:.MWWm ( I I I ) 
nmEMnmm 
'mmmmmtmmmmmmiSm 
mWtMM OF lllOBXHIf ( t ) 
R^PERiaOBS 
<xiimxxm Of f«jfA»ni (t) 
aifllUHKSES 
• * • 
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« • • 
• • • 
• * • 
• • • 
« • • 
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h V011 Hmtoolt wmemwtii tiM 4tis«civ«ey of • MM «i«l«i 
l9y ,^1$, 4 ^ lOe Ifi umx» Tim ^mmolt mm ioma in • plufteMU 
f ivijttt ainivtl fiNi» HI^IINM* i^Ki«E» «oi i t iia« «iytlara«iiiHi* 
iM>tli A«I4, J^L Hio and 11*V» €oii«V8«Mtitli« «MMin«i til* 
minia^ ftl and «tfiiio«»ie«i tiiat e^y i^aeonliin v«» no^iias but « liasie 
l«44 el«rai&a%% «ni tb* i^«« #f » n«r «l.»»tn^ m*m Mikmna&mmL 
in Hi* im^m ^sm of Tia»igr9« S«i«(l«n» mA ii# o^«BV«i tbat tli# 
l^ ro|»«(tL«s af t^ ft ivon ps«|Mar«l f»m 1^^« o»«« «f«r« p«iiiliaar# 
Mid im t3ra««i tiMi wfion&iy to tli« pxm^mm* of a nn* mnsmnri. 
H* tit«s9««t4il tliat It !>• mned Vj^ !tii«Eim f«tgia C3ottln fxmf» V^isdin, 
ft &can(^ navl«» 9odt}«G« « 
Eiwi«n^i vasuKUxni <la«s not ncfsuat in natits*, V«na«iiiin 
«»s dn6«r«i|a»<l«d a« a «e«cc« «l«»tnt» m,i»miif i t i s 
on« of tii« »oro aimndcat af ^ t ^n&x eonstitnantt of tM 
«wtfe^« «Ri«t fo* i t i» •»«« •iMiiitliMiUy ^atillNitni ^u« 
f^ yikdt* mtmtnit movitm tinft* oat intd. J f^icox i^i9 to F«ii« 
Ciiiib% tlM ifn«iiMi lodlin ^otiMkm m aworag* ^ n.cMS V^^ 
OS 0»0#I9I of irtniitMn. J*N* i^ atlifon ilMMind ittiot vwiadaMn i« 
^co^iliif noKtainod in Htm mtu TM jpsonanco of wMdftHn in 
n«t«»sit«d htm hmm «4^«tdl liy B» Ap|«te and 1* H«Minilb«9. 
Ilin irwiidli nin«roi» indlaidn»dnl^dl^« ovn* mA onidisad o»«t. 
V«iia^«ii &^&mn i n « i i y«iin«i«« faroii 9 to 2. 
f j a w ^ fft,^ m th9t% «dia|K}iifii(i« tli« ooXy onet that thoii 
v«««ililin6« to ttio:}« of t i l t VB •i«!«it«» wmh at »r««ilc» 
dir« tittiaiiy «oi<iiirl«t«» 
Tli« «Q«iE i^«it«ti n^ieh jtx« not v«iiry f«m«rrutt tht Kex^ <^ <s 
h^n9 1^« fiost i^|M>xtafit» asrd aU ^thout «!Mi«ptit^ vsnadyl 
iVD» m m^) ^>iii|ioUiiElt. 
Th« aid^« VO^ 1» s t i l l isoth liasle and aeidl« iaitt the 
acidity is WPi dlislit* i ^ ;»liai«i c^iy i n hl^hl^f cond^ised 
itm&i of ih3 aciil* tite vanaditc* ai?« nearly a l l of ^ « tys»« 
^4%* «nd AX^  f«» ami unstj^lt* the selte foxmid with aeiae 
axe e l l vaned^i «o«q»oini(i»i sueh as Vi^O^ and axe less a?eadiiy 
oxidised tlian the ir»iaditee*tt)« viMiadyi ic^ n CVD)''"*' i« ^itie. 
y^iaft^ ^ t Txiveient vanadiym ie a seduiciag agant* and on 
wandln^ «dlU vediiee aaitttioii to tli« natal \m%, 
i t ia net yee^iy oid^tad hf ai»t and not at a l l by watev* 
I t 9ivet viae to a aeviet of «aapi«iee» niliieli in enact 
o^lpoeitiofi to tlie eonfileKee of pentevalent and tetxevalent 
vanaditMt «*e nevev vanadyl •eafKwnda* 
yai^piay 2t in this vaieney i t ia puvaiy netaiiic (Cationie) 
and vaecrtiiee with ^vai«nt elwQialiM and ixoAt tmt ia caose 
o 
»««(iily 0iEidist(l than tviiiliivtiitfit «liSQiili«i» 
PivalMt iranadiiaBi fount fi«Mr«*l'y any cotapltiiim 
ttxtiji^t tii« doiiii* «y»ii<lMt lahlQfi ast a i l of tha tyi^a 
[M^iViai)^~]» dHjjP ^ t ara aatiiy oxlditadl* 
XilSAKiilOlJCil^^iilli** 'f^® ^^ vwy iraarii ly px»diM$ad frofs th« 
|iaiitayai«nt tiy z«dueiloii« fojt 3}(iii{ii«» fxts^ th« pefttoidUla 
by txe«ti»ifit ivltii liydrogm hal^ ol«&* Tha f a i l in vaianay >iaa« 
as ttaiiaii a nairkad affaet in diisdnisliiiftg tha a«itlity of 
y^ fff^ a«p.ia^  ir#^^hAoicicti| ^^ lO^ i Ifiift ean iia tiada in puny waya 
l^ y psssirtg %h9 ^wi^m of tita aieyehloriila VOQL| with eblorina 
ovar vad liat «tiax«&ai» ojr tbat of caxii&fi tetxachiojflda ovar 
vanafHtia p«nta]tiii« at 9m)-60f!, oir l»y tlia aatlon of Cl^ &n tha 
@«tai, tlia fiitjdda a« tita siiialda* t^ avoid piraaanta of tlia 
0Wif€%h9si4— (VOCl^i VOCi^ ) i t aiioiil^l ba siada fton i&at«tial 
«riii«li me* fvaa fiott O^^baat i»y paaaiiif ais fvaa alilorlna oviv 
f acsovanactiiai in a aaii^nattan f^ omasai. 
Vi;i^ l a a 4aiA( vai al ly U«|iiid of tfanalty 1*94, which 
iMdia at I M ^ (M» .7 / f» l «»•) fvaat^at •9».1® and haa 
a dHaiatttls unit of 3*01 at 9 i * Elaatiron «ftiff- ^Ivaa a tat»a» 
haivai atKua^nra wltii V«Ci 2«€>Jiu i t i t an imat^la subatanaa. 
At o9«iiiiaiy t«ii^«rattt#«t i t iMtaaka up vavy alowiy into 
tviahloYlila ani ahlofina. Thia ehans* i « wpaatatf imm tha haata 
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t i i i * tN€ «oi«ri^slofi of t i lt twixmhmsSMm inta tli« txi«lilox>«lto 
(pjr«>ii«toiy at W^ «fii aiio^t) th« t«trattiiiiid(i# 1» e t ^ i i ^ at 
/ xwi li««t tilt ty.MchiciJridt efumstsinta tii« ti^ieMLoxid* 
and €ll«tiioyi^«» 
y t ^ ^ t I t o^cufji in tis^ famm ont «<.7li^le in ««atc«r« unci 
thd ottiMT nat.fhc' i4tt«e is K«it l»f heatitiQ titt aciit t a i t 
HjjSo ,^ m^m^ t9 2«^ ® «4i* «oiictiitratfd a^so .^ I t ! • « fir«r 
9rttii e£ytt«iilii« pmHd«r« I f I t is hMtatf « d ^ li^ O I t i t 
eonvwtii ifito a bin* toliilil* f@sfs« «>^^li slowly hy^kyol.ys««t 
^^ siparatlon of gy«aii itloidd* VD^^a^ 
VOSO^  oftcuort w i ^ 0«3, and aH^OjatfiiiUlNrliin in tii« 
ty i t« i ^ay talc a as tnitli at tm yaava to aatal^iiaii i taaif* 
Il!l,Ij4,Wli, V.fflartJMi > Trivaii^t iraaai^ MK ia aatiiy 
€il»taifia4 bf ^aetaaiim tha l i i^«r ojtliia ag* fsoe tlia paiitexida 
by tlia aation of «aitli««i ooaoidda^ «» tailMifi at looo^ oar of 
liyii»o«aM icM^tfa Ity liaatifm In Urdvogan ov in aoiitUoft of 
• iatt»olyti« cadiMtioii« T I M tr i i rai«it «a«i|^ owida asa aonMoiay 
aal ia i vaiia^^ and tha <avaiant vanadoua* 
saits wlilftii in w»tm ^Himm t l i * «li9xaet«rlfttie pemm eoXotts 
of ttui viui««li« loti V t ^ I t aito fonat « iiurg* m.of i$c»#X«t 
taltt ,«M«ti «r« •i««]rt diKlirii^ fxoia VX^ 
Vui^f* tfi is can 1»« !aa«l« isf pm^la^ gastotit hqfdro i^n 
eliloxida ovuat pmAmtM irani^iMi «t aofMOo^ ox iff htmUn^ 
tlt« oxytxi^iilAiTftt* M3Cij oir t{i« tttra6!iioaei«l«i o ^ miittuw* 
€if tli« tii»» miiliiff at I9i»^ an^ f l i i « l l f dlsti iUng off tti« 
«x««tf of isiifiw at 440. 
Vi;i^ i t a fiafi»voi«tll« iriot^fc ^ I l d . i f I t i « H^tad 
111 i^tro^^ t0 a 4«2k ««.dl liaat a vtKy imall ipantlty 
iM^llnaa in ^ o i « t «ryatala« ^ t fitaarly tha « ^ l a hrmkB vp 
into tha diahlojelda and talaraatiiorida» tMa vaaetlon* 
aa wail aa tha ioat of CI2 fvom tha tatraahioadda being 
VCi^ ia vavf tiyftoaaapii* and aiiaaadLvaly aoi«i»la in aiatar ' 
ifliiali aMst lia aaxafiiliy iMaiudad in i t a pviparatloii to 
psmmt ttia laiwatiaw at oxyaliiasidaa* Xt dlatoivaa aaaliy 
in alaahol air aaatia at^dt o&vinf gcraaii or liiiia aolution 
but ia «aaoi«tola in atiiar» alilo«ofosn toiuana and c4|« 
VJ 
VMMkdiiiKilU} «b«d not foxm t t J i i * mm^lmtm «dtli 
ftll|^«i&« (»ar «y«ii« awUivs* 3«<^ox« «t«4^ dfitineid itxm tii« 
oli$«irv«i wii^Ht iii«»t««« of VCl^ Ifi s«ti«p«t«tf vapour* of 
v«viott« aialiitt ^ « foxnatiofi of irosloiit aiditioii mn^oitiids 
a f (Ni «»tli«rt« mi«l&«K}jrtl»^  «fiil fi@«»iio«$c«pi aim found that 
\AwA^ »iKI%C£l^ i« and VBlM*3ICCi3li|f«« 
Xli« f i x t t ^apar tm savan «9«£dl{i«tioii of cyMiocoaiiilaxai 
of v«n.abtt(XU) « . . >«<«t«l »y M u m n t f . ««l m ^ M ^ . Th . 
coeiil«i« i^^vCcH)^] tZi^9 |K»tasaiuisi hiptaeyiificivafiadatadix) 
<0lliyfliata «tmtaif« t«v««i «a«r^ii«tt viaii»llii»tlXi:% Tht 
aijruattura of tlia aoAtm i t paatagimai tolpyvimitial of a|ipso3tiitat« 
D ^ ayiaaalxyT 




«ynth«iit«i «• «cyttiftl*« ^A^mem » «!i ami d-GH^ O afi4 hHM^$ 
oievaiiadliiRi «oia|iiiiK i« <^s«»iv«i in inyvidln* I t tildes v^ 
out ivyxiillfMi f^i«(Mi« tot fiMRi ft six «oo7< i^tiit« ^«el«»« 
Tli« eo^igHuriitloA of ttt« pfxIMmw eoXvatt fli|»«iKi8 ti|iofi H« 
Itm cyanci «d«tpi«xe8 of irsfiadiymCliX) fi«v« biNm 
liivettigatiil ^ oiriffitli mni tmmmS 
w&Mm tt«l 3f^ pojrt«dl t!i6 liit«gr«etli?fi of onovaaia^im ill^ ^ 
«i>is|iliit i t of ttie '|tii«r«i typ« |^ VIl(QH)U t^itirt 
ri{ »r{;^ ij^ ({]ii) mm Coi^ l Cmil] and is utimu in pfsidUn^ 
Bmntt mi HitHoUs^ anii il«»t ami RaM«ii^ ^ IMIV* 
alto «titicHL«t tiMi iB^9mmnpimm of vaniiilMi* 
BiM»am and iOnikaar^^ px«l>«y«tf tli« mmplmtm of 
onovMM t^itti «4tli r»«|iiff h$*m of t)i« tyfi* V0ClL2(^ «f>"»^^H t^ 
THo il«Kk «oioiiv«d Iir9foi«o|il« coai^ lCKtt « « • paripMr«d Hf 
»«aeUfi9 MOCL| yAth tti« S«liiff II««M in ««irboiit«lv«Biaoid4«» 
o 
t i l t iffittitti* audi «li«»itiiKS.tttioft of oii&v»iadiyii»i]Vl 
(111 <|(iMlfi4imt«t« ^liAiis Si^iff hmnm li«v« li««fi viiiojrtici* 
tli«s« «on{>if««t avt f^tfiti«^«r4ifi«it«(l, parMAgnttlc and 
vafiftd«t« iwi^ iiiU^fietii»fi«l tridi»tat« H«Hiff tiaiM# 
$aii«yifti(tiliyii««tliqri«it^Unitit ami taiicyU^ilfi^vSmiydroitjf 
fi«»p3P«>9fylamina Iti it I m&lm ^atio In tli« ma^uni of ^ 
banaaiif. T«ic» nair daiivaUvea o tlit typtt VOCoc^l^K'^) 
(«^tet sa xi|Mras«i%s^« atilt^ ^f ^ # scliiff liaaa smi^ ) 
hixvii lieiR iaoiatai* 
Fsntetoxa anci ^ 4 i ^ ^ xvgtmtwA fi^iKiavi^va a ^ 
atxDNttnarai a^«li«a on a«y«ral aaarlaa of vana^yUnCilX) 
ac|iaoe^ lo3dl4« mtupimm aai xaiatatf ttea|i9iwida* aaaiiJita 
ifidlaata %iia% tlia aoMt^ omids ooniaiii vanadliMiUu) In paitado* 
o«taiia«rai 4KMun!tlfi«tiofl« tba tooap^ jwida of tlia wpixiaal 
foMMla vx^tiHjiO CiKUajrl f«wvcJi^ *6ii|p ani vx t^nH^o (ii«cit 
•tix, • 4 or 9} a»« «U ^WMI to ^ontidji t M fvaan %xmm 
[ v ( 0 H j ) ^ l * ion. 
Tli« mmi^lm99 of 43r]|{»yaii«4ilMi(xy)^ with « nm 
iHan^At w<»t pri|i«tii* t l i t •Imiiital «i«ly««& of oiiev«fi«^UM 
iratio of i t i * 
and CV| <we#l«xit^^ of U^kl»«i4« t3rl4«ii%«ta Solilff li»i«t 
dax&ifii f»@i!t tlia «aiMi«ita%i«ifi of 3»«ladiftqNi« •ali«ylic «ai4 
tdL'lli giyaifia { « a':«i'^ 0«fi|) aiKl afitlira»iJ.il« aci4 (•» V^H^ V^ H^ ) 
feava hmm it«f«:«^ i&iil« Th« it£uetii«a of ^«ta eomiiiixaa vtava 
dit^aaa«l. T)ia •an^ltxti [imCA^^AiKHKc t^Hfl^ l^] mi 
\yQVsm»^)im}]^ «va mnid^m^i to b« ttia toeiiXtiiiaa of 
oiiovafiadi.iia(V) «|iaciaat The .• t««o a|iael®s can aaaily lia 
coavartiMl to iha ovi9liiai oxovaiiaflltnidVl «onpl«»aa by 
9viiidiiii liitli aofiiittii biaiil|»lilta in a i i t t i a watir* 
Tbt ayntliaaat of osoinaiadiii»(lV) mmplmm of Saliiff* 
l>aaaa divivwl fvoei akliytoony*ib»myti^ aldahyda ami olIiaiiolaRdfia 
o» 9««|ian»l«idiia haira ki«aii «i|povtaiJ^ T ^ s«idlf h%mm 
aoov i^&aatai tluraiigii oxyaaiit iiltittf an and oxy^an aa iHiiantatt 
l>a|o«fiki atai^^ xi|»o»tatf t)ia poaail^iU^ of ifHaraation 
batwaan ^yvidiiia antf vanaiit.«i(iil) liawing «f«t«i in tha&v innar 
Id 
immjfl «i«i>iioi «r«t iinr«ttifit«il l>y ofitiftai and •I«itai* 
C«««y and Thatkwaqr^ px«|i«rii tti« «oi»9l«K«t of 
ait}kio6axto«a«t« mi n«n*»piaJtkyl^tMo fihotphAto* ^ Tmo 
•«dt» of tilt etm^lmimi h«ilmf9& t& l»« af ttto fo»s« 





UiK fi^  « Mt« Ett P« ,^ ai# and a* • Ht E^ •» ll« ) 
dud 
* * = « ^ \ . . . ; 
v_ 
(H » M«» Et, Cj|^ 4<^ l.» i»«» Bii« »» c^j^f) ti«v« li««fi f>ari[^ «irtd« 
iilil«li «»• f)9oiiott«ei« and i l l «l«ttxoXyt«« In totntloii* Itiitm 
Hfd •ittlwwile «sd i«s«a« i|»«itji« «r« «>ip««ttd tfl>9«l^ «gr 
id til n«9fi«tlt titttiiptitoility n«ftMW«a«it«* 
I t IM* ii««n iiig9«i>tad tli«t tdidii Cp^ VCI^  i t dlstolvtd 
in w«i%m ^ t tptdldt Cp^QH)'*' irttuitt. If tills la tha «««a^ 
than It WKMid tdan tliat dLtlil^ Mioapliata anion la a wmk dtine« 
1-. 
&a4 •an mt i^ to^t tlit fiyfi^ wsrl. ^smip, tli« itfiov* 
«(if»i;aftlofi i t li0Sfi« out hf ik% f«6t tlist «^«fi a fftftll 
<|tt«iiU% of «ofi6««tr«t«l %dxo«toiojl4l mi4 i t adi«l t«» 
m «#i«(iiit •^Xutiofi «oiil«lfiin9 Cfi^^cli* ^M<i«ditp) and 
^i4ttia«#i tlt« tt^ifiliii Wirt ftliMst k^VCd«if^)J (fh^^] 
eas^l«ttly insoli i i i * in m9^m§ C.it^% ^Ittt loi i lbt ol}t«ifi«4 
in ft«K»--^ft polvc oj^aiiit ^i¥«fitt» l4ola3P «ofi«ittet«i6«« «f«rt 
tE$«iiii««d 1^1 mmtlf l<r% tolMtictfis in i^ tx^o^«th«nis» M l i r « 
«4tMfi t i l t jrtnft ii<ii«ettidt itm lH t l t t t i m i f t t t in nitino^ttliantb 
c;«ld«r«i«t tftd ottifltt^'*' p««i^««t(l bit^ytlo^anttditnyi 
vtAtilii«i(XXX)» Vi:^^ l»y Xi>»ldftti«»ii of V q ^ follonrttf toy 
iri«yytt«iLis«ti<»ii f»«MI Pl»lt» t«|Ui l i l i««itt »i|ii4iy to liittf«Xo» 
ptHtt<ii«nirii<Mit««iiN»flvi vMi*«iiaiB(iix}t yGpj.{€0) mi4m Q^ t t 
«tBM>l|MMHd« |»C«ttl»tt y^pj^ ^ C» tMH* VCp^(OO), t i l t 
affa»ili% and ^ i t ftiXowiiiff tkmm^^mmkm vt i i i t t ««rt t l i tainti* 
A||<> • • I 3 * i jt 1*0 M t l A a i t i As*^  « • 34 jt 9*4 tnlBopy wnitt. 
mmmmtU mtA diinegnttit Vqi^(GO) htt ont tinfflt 00 atrtttliifis 
viiMrtti&tt at i9d3 m*^ in {pm%U 
i:: 
Mft^ i^gSx in th* ipA'osffiet of tyeUc 0i«fiiMi» t« fmr* 
A«»tiii<lid«h ««»|ilt)i«s of irana«liiis« vhm t « !# 3»^elo«» 
eyi»i€)oeti>t«i«fi« f av# a fidsitttvt of ^^{^^g^^ ^^ % % ^ ^ ^ 
«feiolii|>tiitri«n% ^^^^^^^ was f^alii«i« 
«ih^« 1^ f ttiaf»**H <liiiai«a 2»^liis(li»awli^iliroi$«»3<»mtli«tltiit«l* 
l»}i«nyi) ininoinatttf I •^itei^thyjiph^Qi $mi R«lit M«» Clf IHMI 
Ha^ «^i?« ps^iorwi and «ii«»a«sttrl«ail l>y Okava « U l ^ in 1 ^ 1 ^ 
in Japant Tha ^atai ians ara tiondaii <lci tha p)ianoii« o atoisa 
ami a iiityiaii0i«t« ion* tHa ftiy<ma9fi«ti« |if«t|>aetias of tha 
fioiafilaKaa «aiil«l iNi intiviivatatf on tlia l»«aia of tHa iiaanay-* 
a<Mw«r« ««piati&a. TIta ^ai va4ii«a fo« tha oaavana l^aMiilV} 
«oiB|iiaiia« iaavaaaa in ^ a onltr i^)g^ ( f aaiaiMli^l-iQiftaXvo^ 
(faaii|i*H)(or4a)<(vo)2 ( f salifMSlXa^a), 
aiiattaaliasyi^ stUKiiad tUt aiattsonit i|>aft«a at 
Vicicijg^ ^ ( t « fl^Rf^iina N»oMi4«) in pfxim,n% ^mu MaGN and 
CHj^i^ "'^ thxmad a Uvov^ eUand %dth »a»liiMn yanginf fvan 
13,350 to n^om mC^ 
1 
«ondtiitfttlsifi litlMtt«n tliloftttsl«ia^aBQ]i« of «{iilicyl«ld#iyit« 
wttiyi.«§•»!«a»4lthl.<}iatc}Vfttid€iluR{XV) [ v c ^ (nj^gCctl )J *»«« 
tisfpinrid by stMStiofi of V ^ ^ l ^ «^tfi tH« i|^»»af>rliit« alicali 
m9%Bl salt K^sF'V ^ ^%*^Sp2^^^2* ^^* e^ s>^ l«3c«t i»«r« 
^ t f att«rlt«(l liy M«»i«wlt elm* Kofni* m4 m^g^is%t% mmmitmmii** 
H M «Qepi«xiilf 0f VdiiaiiaJiiBiClV)^ ' td l^ ortliopliotlMiojtIe 
mlA iuia alto li«#ii tl;u< .^«ii !^ee%ni|piiQtoKi«trl«aily* Tli* 
«t«li i l i ty «ooataiita of vanadlumt i^v) cocoplaitaa «dtli H ^ ^ 
ilatwnliiaA ^«ct»ofiii(»to^«lari««itf at :»*^ c and ionic atrangUi 
iNaCIO^) art 6^ • %l {sfm^/)^ / i j « 2a69il0*(VOHf»O^) and 
o(. Siofiioaattaaaalaf^li^Mt) and I t a iialai iliaiataa Mt^ 
Cll«^) waa 9ari|paoratf iiy TliaftkasiH^tft and svaaaiii?* and «liairaat«p» 
itad ky ch«ai«al analytaa and X«H* Spmtaf* Tiia H»a«Mi ia 
1 . 
not i{iw}lv«tf in «o«x<ilii«tiafi to tli« ^«t«i«« 
«4tte liingidiit* in I97i* tli« 9emplm 1« fo»it^ in « HI 
»«tiii» Tti« in«9fi«ti« itifl«q|tll>iUt|f9 X*»# »iKl mlav 
eofidii«t«iic« of -^9 «fin|ii«(E h«v« liffiR •ty^«d« 
T«)^ii end oihiers^ |KriDiis«i S«lti£f !>«•• muipim 
witli eMovtfiadia^IV) In 1V7!I« tti« ^^hiff li«t« 2«6»{iyirl(tiii« 
And yif i^ftttvii* 
mipmX^'tPP {K • oai^t m^9 HtF»ai) rcaet in tlie pj;«««i«« of 
lii#i «ofift«iitviiU@fis of pi^mlMm^ in t«»itim« tss f«iis tlt« 
k»i»» and »<»no{ilfi«ri(li»« addtiet** ttMi ESH siptetra of tii« 
liittoxyfMMtion of vtnatf^i s^iiff lias* «Qn l^«(«a mm 
don* hy Macco^ «t«i« Tyaating « liantant aoliitioA of Bia»»i» 
n biityi Cs«U<yii4finifean«l»Wxc»ir«nMiii«i(XV) ([vDisali m,)^ * 
E« likA^  «itli • ttoldHonftxi* «MMiRt of SOClj at jeo«n 
t«m«ptti»« 9mm 9VM»4il»« «fy«t«it of iilft»N»n butyl 
(•«ii«yU<t«ni&Mln«to) 411«iiio«»vm«dlMiB{XV} fifitantitaUvoly* 
l o 
«M«li cim h9 lost iiy !t«s%ln9 t»v ir«t3:ifft«iils4itioii f^ ton 
ac«toiit» thm i^miiitlfif iHehlnieo 6£8m»i«(i» wtrt l^mtlfiitf 
via Miiiiytiftt «ia0 Rioiawit «fiii i«x* ipdetri* 
skopiit)li;& and aol i#^ f»«i|i«vti sepe v«ifi»IJUM)eoii|ii«x«t 
la BT<&. V«^^ wa» sritf iimiMl in Mi^ii «nd t^ i-y -^^ s^^® ^atsti 
ttiae«iii#i tlt« iais{tii«« to pxatl#itat« VDc;i^ »a4iQHt ^3Ci^ *3ft<60« 
li«v« tat»«9<»A«i Iiipy3r«ral4«i •taBii«ti«r«iy 9Q with tli« £1%^^ MMA 
OfiiF iif«ii«« l>aiM(l»tlir<Ht9li ^ « o»«teii, V in VOCNCS)^*)^^^ 
i t 6i»fio«niifi«t« Id til tilt w^^wmst iMMmJfeol «fitf ii«|SO 
CMMMMU la VOCNOO.a Cx«6*S«)« HOC «»Mi|^ t ar* N l^mfidid and 
aa« t i t «a«Mlliiat«l thvmiiii tbt O^aton* iaVlD^C«l2l2 ^ ^ ^ ' ^ 
ditEyaMnidt i t noiMMltiilcta and^toaxdiiiaitai tiucoug^ Hit li»a«tiiu 
la Kg^inGB}^ ms^ i t i«MNiadtd« 
Iht faamalioa of eiixti toa^itxtt of oaovaaadUaidV)^ 
id%^ trialiioxaatatatt aad •oat atatral onygta aad i^ttoQW 
doao»« i t ttadiai atiaf tolvtai tttvattita* Hit a ta^t i t i ta 
I 
•ft ovfftn o» • nSLtmqm ^nosr* Th* «c«ttiUlMrli«i «oi»t«fit« 
of tli« iBixtdl #9iipl«R«t ani fov ^ « liiiiMry VOCTCA)^ «3f* 
il«t«Enin«^ Tilt «ff«tttiir«B«i« of t)i«tc cioixMrt «• 
syi iwf i t t t i t f(^uMl «» l i t J^ntipyviA Tli^ iMmitMioit 
4^imlitm 3»pi6oliiit pyxiidliftt «ict itK»<pliioliii« fpinoUn** 
Tilt mm^lm «4tli owmfmuMMmiiy) i»At iMr^wrti by 
rtliiixifis EIPII toiutiaa &i m^ilim§ Qmtomidim am t l i t 
ei t t t l «tik»ielitt. TlMl 900 t iT^ i|pt«it»«i band in tht VO*^ 
c«»B^iti tkigftitt t»Rid4ttii»lt A etittrtettr »f t l i t v«0 I^tend 
md tt it r^fiQistditt fittiiirt of 1^« toc^itx* 
Oxoirsiii^itailVl gitisoiittt coc^ieactt havt bnm 
f»rii|ift«tdi tiMi attuUti iiy atAt «K^ SttwytrT: iptttcopliolo* 
Eit tr i t t l lyt by ei^tniaar dltb:- i l t m ifMl f>ol«ro9ri«iby li«ti»ttii 
pli^ vnd pH M, Ttit ttoit ldo^tliy of ^ i t teniiltK vnri t t fvon 
A ywiadliin to flutoftttt irttlo t f 1*1 at pH 6«f» to 192 
•liovtt'lat Botli t p t t i t t 9 iv t i»tU tftfinttf poltvo^tfHilt 
oxlilttiofi wtvtt* Tilt ifp«rtfit fowittlon t tnt t tnt le|^  of t l i t 
111 toM^itK «t |iH 6*0 i t Z*^ilAt\ Kji imt tht jrttio i i 2 
•GMpliM in 0.911 Hitm i t i«8iil0^ tr^» l i l t ipfitvtNt tqitiUlNritMi 
toiMttwt btlMttn 'VbA i t i tndii i'St tttfilitii i t 
Mtiik t t a i ^ p»4|»c»ti t i l t t t t f i i t i i t t of VQ^ idtli 
l!ii«ti4ifi% t i toi f i t nm t t i t4 i t i tlMB tpt t t f t f imttat tKi t t i ly 
IV 
Coins %H% IMIMfftliKWi [VDdiitt i i l int)] .aH^O and [vo( ftianiiMi) 
(Hgp) J«H (S0^)« X*E» S|>f«tar« of th« toUii eaetpXviiM show 
coosdiAatlofi of th« saino aftid* ttoough tli« «axl>oiiyIlt and 
aeaii» !poii|i«« l l«^«t l« paaiitsi^inta ahcii th« aonpiaxaa of 
VOS* to b . p « « » 9 M t i * (on. »q>«t>.« . l « t » « ) . 
Syamal^ t t u ^ i i tha ma^atle and ^aalaraX |im>i>«rtlaa 
of VO(XV)«oia|iXait«a of (fi$iixl4mt«%% dll^asit 4omx Sehlff 
basaa (itH) nitMh mMJblt maigiiati* niomafiit In tha jranga 
JU7lp»JUt2 iiB at 9oota t«!|iisratiiir« wad di>«]f th t ciurla«^i«laa 
Xtm I n tha vagloit a4»2^k with waiaa eonatant (e) 2MIC« A 
&*ao<»rdliiatt aefiiav* pyspasdldaJl stYUCtxiva la auggastad for th« 
fsr"* "°is:]j:pT- -:roi 
v^^^ctti\ /Nice ^ ivrT .,^^\ /** 
Ma Ma 
U) (II) 
. K « ^ - ^ 
Iha optiHWi aonditlona fov tha aoaipiaKatieii of 
vanadHiindV) witll HOQipV^l^ (MBA), (li3CHj^1i^)liH {nm} ov 
(HOCH^dii)^ (TEA) and pyxoaataahol (H^) in mattianai ware 
!<} 
Aikyintlaii of VINAIMIIMBICSV) iM0xi4% mA itmmMim 
vci^ «itii zm^ im Btf «)ii«}i 9«!ir« ^mi^M¥mii*o»9iim%^^ 
p«it4Hi«i»at4«i<lloAi(Hai«t) imd lyiijtittR oth«r ^m^k^imiim 
eiiel«tiai of iriaiadiiifiCxxi) « i ^ iigan^ in a^iuou* «i««lioii« 
«!.«» c^tclniNI i>y irfiinitlim #f ««icifiliiii vmaitAt« and VID( mm^2* 
Catwf MHI J^ Msbift iHCMiitfCt VMiaiSlJiipCXXX) damiciKHi 
of liiiStiitct* ani t««^«n^at« iiitr«»9«i donex iigaatft* V«i«tli«ik(XXI) 
«liltt«IJ« £««tt« tdtli l«|jQii^li«fiaiithraiifi« andl 2»2'*l»iwcl#i 
MMl i4t^ tiiittilMtatl d«tiir«Uv«s of otiii iigani iL*} in ilOH 
09 in MCH «t tolvMit ( t ) to yiol4 t w diff «r«iit •«ri«i of 
coMl^ liiiot* Tlio«« ovo tlio aottttai apoilM VCl^*t.» «p}i«t 
B«tlqrl«»|»|Diipli«iwRttooUn% 4t9»4lnollirl»»JUI^)'"^iMn«fitia!oliiio 
•oMpimot in «M«li t* » i«iO<iip»{iifi«nitiHRiiiao «m 2ia««^lpyvi4yi 
i: 
mm9 « iw dtita&a«i with tm M « 8 . t h t mmlwm [y^lsMtl * 
\yci^j]% i*if»« !,» i « th« »iii« «ii«iiM» «jf ligandt list«d 
itfM»ira» « « • alto oiit«i«f4. v c i , y i t id t vi:^(t«Kinr) «A^ 
)»y tliBiii i l*! aii«ly«ttt Z«E«S{»«6ty«l ettfttttr«3iiit» anA iB«§fi«ti« 
^hBiitf «iKii i^kmii^ px9ftm9i tfo« «Qnpi«i«« of v«SMliMi(lii) 
idtli £k;tdff li«««i«-'iiis(ii«(tiiyii^a«) o»|iii«nyi4n«clii^fi« 9^ 
l>iftiaNaftiia3Q^«m«U<riifit)«i>«»f»H«n]fi« 111* «Qiii^i«i«» 
«r«r« «tiairaet«ri««tf l»y •i«i«ni«i «fiaiytM» thin!iofr«viis«tvie 
«fiar« ttti^Md i{ii6t»t»f«i^«ftUy lyy ri»v«f<iv«^ and #tliiva* 
Thi) vlfdlil.91 Midi tiX^fMIUQX/t / xfCiflCt^Q^ iyiMltiPi^ nA||ii4'tl# 
l^p(IV) (x «• Cj^4) «>«*• mmmm^i «Ad Hi* •tmMtiir* of tli« 
«on9»l««t « • • iiir««tlf«%«A« 
Th« eMi9ii«ti« ittctii^tliiiUty «id i(^«^»«X pcopivtr ef 
o3i0irtiitrfAM»(lV) tMii^l^icW^ ttf li&#«it«t« wmmmm4e m dooMr 
s«liiff l iMtt 4mlwA imm »»«ia»»e««licyl«itfiiiy4«ia»li««ne» 
•«JUUyl.«ld«tayd« iml P l i i i | at* v«i|^xtiA» i n tonlaiMt t® in 
•«r l i«r iripovt tl i«l tiui «08i|>i«ic«t w « iiiw»iv4MI i a untif «»•» 
Piiii9a«ti« iK6)l«n9«0 m99fi«U«« h^^ wA imlwmXm %r«iglit 
^M^ iadicstd thst the €Oi|»l^t« «£• ia«^0ti«aUr dlU Tli* 
C0{!^ X«f4» 9X% mmmm%* Tte« «• .v«i|»«etr« of th« C<MB|II«II 
in clil^rafoxii salitU^ sttai9 S |i>)« ip«etr« chiiv««ti(elstift 
of oxovaiiadi«»Cxv) «iQ^l«(ii« viii«li «ir« not ifm>4v«d in 
In thir xiii9« l«79i»X.7^ Blidt-2^9^ wA t»toiy the €u]ri»iW«lsi iaM 
wXtii # «t 0 t£» 4^ a. Iii^«i^n9 tlt# m^mam of ei«3iit(|&« ord^riii^ 
In tlii tff|i«rati;^« ««I9« a3»29#i# Th« «l«et3?aiii« and i«H* 
tSi« s»i« tluiSlM hwt l>«fii df>n« f»3? tht oxmrsni^ BUffidVl 
.'iftlliff ll«ft« of ^ « t||>t S 
2. 
t i l t oxovanailliMidVl coiii|»4«x««*^  of Sthlff b«««t 
«id tli«Ur ttirioelimittKy is «te«rtaiA«i fcty Muiiyiicai 
ei«9ittti«t •i.««taK>nl« anA infra xwA wftmtXAl •tuiii«t« To • 
so^tion of o«ovafi«iSi»ii£V) chloarlci* in «DitiK»l w«rc adidMMl 
•ali«yi«i(l«lisrii« ^Ml i t i il«rivativ«« 09 ti»l)yct»i»ii||ilifiiiiifi«» mA 
m% wtimmliM toliitiMi of 2^2*<»4ciino«thylpy3?iillntb 
TUc tlt«8iwiif »i» of QOi^ loittlit af tli« tvi»« C^Va*^ 
CE » «ryl) in ttit tai i^ t tatt w«i tliit^frtl. ii diitinet 
InevMi^ In ^ f m a l «t«l»iXi^ i t obstrvii upon «yl>stlttttion 
nf thtt ci»tli»w|»o^tioii of tli« ixyi p?cAm>4 TUcmai dtaowpoaitiQn 
QCdtrs i^th foieiation of HHt <^Vt v«na^e«i« lioK t^iogiit 
«dth tht qmi»fi i\ itibtUtittiii in on# of th* c^ Jtingt and 
l»]?f^iiiiy « iran«clcMi«lt hoe^ Xogttt tidtti two «ii»stityt«l Cp x>ingt« 
I t i« ^hamn thait th« aiittvaetion of the tiy^brogan/fm th« 
«ycio|i«itiMiinyi 7in9^n«e««s«xy itm tli« fexmation i»f BH« i« 
an intflBMii«ciii«Br fKro«M» wh«r«a« tha aubatitiitliMi of aiyl 
group nitli tha Cp jring i t intraetoiatiiiar* h dacM^altiofi 
ftiaahMiifli ia iKrafK^ aaiA in aMUili ^ a ^fito^ H ia tcansf avxadl 
intavaetioA aAtli an avyi gtoup af anatbas sialaaitlite 
EPH atiKly of tha aanfiiaRinf af vanaitiaKlV) tat»a» 
ahiorida witli t«iaikyi|iliofpliataa w%it 4&mm bf liuaaian Saiantiat 
r '~ 
KowiALimf^ «ni «oM>«k«Kt in Bff* W?i\ 4«ta of •oXttUniMi 
in(ilfi«tt «}i« fojaiatlofi of Vi:;!^ P(OH)^ «idl vc;Jl4«aP(0ii}3» t^liin 
mtMm» of .HOfi)^ ill a PN «^ taluilon e/iitaliiiiit vi;!^ w«t htt t t i 
at ^3i»4oaic « thlapd coe^iin «»«t foxtiatf «Meli ties a polvi»«fie 
stdietasa* 
Vanaiiyi htxaeyaiioi^ lat^  nattt «i«r« iiyifiacad by 
Kitsnati^va ami Kovaliwl^ k},^^^-"^)^ in alcalioi waa traatad 
(r, m t«tr«iittliyJli»raa» M ipU mi»tCJ^ai1^#»4i|0 ani V0Pt^xii^^.2Q 
(Q » ii»|»litiiantlixe»Xiiit) mmm also pri|iarad» £fi a l l aaaaa tha 
nautxaX li^imd is a^asdlnataid to V 48id aii^ o Coy a l l aoiaiil^ 
i^eipl; VCi>ti£%;Hl^ «9N«;^ « Tha thiocyanata 9Soii|>a asa Inrldging 
an4 tanadiiaUy SwlN»fiilai 9^ «^ ^^ %• VtM>tif%li)^»9lila^4 ia 
foSBUXatatf aa [vD(Mi^4)J [pt(sai)^j. 
li»lqf<ii«]iyatiiyit o^*iiatiiyl» a»liy«lx«^iyli«fiaylidaiiai^na 
$«liiff baaa foaaa aaU4 atiaiata «4«li VOiZi) ma ftinatiaoa aa a 
bidtntata U9afiA* Ilia vaaatloM waa attidlai by Salioal aacl 
o^flN^^ Tba Ugaiid o^HOCi^ H^ciiaNai^ pipi (Hj,^) waa ^ai»ataa 
by ««aatiaii of AMC^fiJM « i ^ Hp o ^ ^ i ^ in banaana. Raf luxinf 
H^ wltli aatal aaalata in ilOH gava VcXKLl^ ^HjiP* Tba vanadyl 
(. -
ctlmirtliyi (lithioMtMiatti* i f H $%iay of tl i« mm^lm waft eia^* 
«iML«li If idleAttt t i l t f«jsri«tloii of VDt^ •oiBpitK (l&«dlj»«iliyi» 
tilttdci«r«fiiii« ftel#1« 
¥«fiiiitiiMi(lV) ^ i^ i« i i«« VDi^ C^ *^* 9 ipiiiDlifioi. and l i t 
3»Mi^ %1^(jHl«ilioi!»» 5t^4il>irt3«K)^ and S«T»diiodb d«d.vatiy«i) 
as «»«Ii 9ft tli«djr pyirlctiiift d H o ^ adaiietft wcvft pircparftd liy 
i^ oftdJTlo m4 Martiiifti?® Tli« l,ip« utidt tX«cst»}iii« t^mtxm of 
the«t «QBfli«X«ft !»«»• fttlftliftdi. 
ttift fto^ltK of Vo(iv^ . i t f i o«@«^li».Waml<)ifKKix«« 
data on t o«imethylw|>»«aldliia«i3c«ft iiQfclxiii^ia^tii^ ow«tliyI^ji» 
»r4diiiottirftft h|rd£0«fiioxlcift ftnd the uiftttl <»3n|iXiii«i ar* 
ripoirtfti* Ttift tpftfttjrfti r « a i l t « tu^gftst thftt sttomlajey 
mtnm tiitso^mm «xft tli« 4&imt «toaft tm o«>«ikyli»Ji»iitiidiiwttrft«« 
T)i« f r«ft Ufjuicift Mil tlift ftOMfiiftMftft «tiiSi>lt ft ftharafttiarlfttit 
bftfid «t UOO CB*^ diift to ttkft C«OII gsoii(p« 
Tllft «•«•«• fttydlftft of ftOMft dialkyitf i (n»fty«iftf»ftiitft(Eia|fl) 
vftfiftdtlMnCxv) «M^i«Rftft Hftvft l>ft«n doiift toy Evftfi* ftt*^ a«ftctiofift 
of L i£ t oir LlCHj^iMi^ ( f t t i i r l -Ut i i lMi o« t«ls»«tivlftliyltt«tliv^ 
U t h l M i ) w&tii vc i j t t j i (l.ii«»«y«iop«Rt«(il«iiyi> in pm^ tm 
CHg t^i y«t^«itlvftiy ffftvft ftoUitlofift of VEtj^i oir [v(ayiiMi^) 1 
jtftftpftfttivftlyt wtdftte wftvc idftiiUfiftdi «fid ctudllftdl by E«s.a» 
ftp ftftwPV ftftopy* 
a«aetiaiis of lilt (•cfiylacittofMitol fknfmm&Msmiiyy 
«dtli ptitiKil 4fid i t i p«irii»iuiisniiit«i ii«pivatlv«« ti«v« h>mm 
oxovaiUKtlMtiClVl VDCscatl^  {l^ «<(«« ** att@tyl«««ttifi«l tmMtt wltli 
prtMwi ojr i t « ttara ctibstlttttid dtrtrntivm in nmn to 9l.ir« 
gQ^» i^ii osr M«)« ltt« laftinttit 3^4 wpmtxak<si9:t& xmiml tbat 
thts« «r« vaiidMiiiiiBilV) co^iexw containing the ptmml ac a 
nfiutvai UjaAriU Tha iDii»h«^ <^ tr uf the cf^^iax in soiutloii la 
&lm 4i9mm9^ Tfia vMitkan ot X# W^hmmthxolirm {phm) or 
ai2>«t»i|»y#lclyi ibi^) to a taction fiiisctmra of VD(aaa«)2 
4tmi nitmiilianoia jr««iiita in plii«i»l.ato ea^ieitas VoCuc^^^) 
im^lU ik » ^m &x Isipyl «ihaK« X « 140^  and n « It^l &' 3« 
a^a avM aiaa^ HWBp aa^a ^P ^ P ^ ^ai ^a ^ wiww 
IMP 
h t«rias 0i aani^ laKaa of pyyiifyUtiioofiitvoxida yadlaala*" 
idtii V0(H;>wi)2 i l^M » liaitafiti«»i|atatyXaaatofiata1 was 
synthaaiaadU Tlia o ^ alaatzon of tha jraiil«al paix^ a wltli 
that of tha inatal to yiaJbtf «ao«iid siiiglat atataa, Tha txiplat 
atataa of aoisa of tht ooafiiiRaa Mf thamally aaaaaaihla aiMl 
wm waa ttaatf to <l«t«miiia alngiat-trli^iat a[^Uttiiiia«t)yparflfia 
«omiia0 aanatantat and dipoiaar af^llttiiiia* 
a^so Ca^ o i^ 4 t^ i t j f i^ »j|ff auji* t«t»iiiithri«Mif piiM«t(iNii«u^H^) 
x*ii* i|>«6t9raic<^« th« ftui^iioxictm « i i eo«i»ii.fi«t« to V ¥l« 
tii«&« c^«tcmt %& fa«n WM^c coe^iinmt « i i^ fosnatioii «9fittiiitt 
(2.4 <. tC < <^ *4) tiiicli stioir « liiio«r imxartlatloA idtli tht 
a<»idlty ca««t^t« iQwA i&e i l l * imliilioKtdm in »(^H^^* 
mL2^^ ^^ « aftttylacttontii i»itlptsiLfkK>s««ftiit|flt«itc»a% 
i,*iK c^^mmii P> •»iijplitlio^[aii»lin% i»iriii|i)itniuiti»coiiA% iiyl mmw 
ma 
p]rii|»«r«i isom ^t^ a«id tti* i|ipff<»iiri«t« iift«ro«y«lic H b«t« 
(t.*)* TtM i*v« and vi^l>i« ^ m t r « of mt^**m«Mi im..«ae«tyJU> 
tho«« of th« rij|iht{i»#tlnoi,in« «ddii€t«» listing « temm 
oct«litdr«l etrtiettir* «F1^ t* at c unid^mtat* li^aml* l»K« 
•ipattva tUtwai «!• i»«t^aay«l atxtictiKr* Ixi ^ ^ ^ * (HL»Jlsi,l(» 
t»ifliioioa«ityia««ti>aa)« 
NiM oiiovana«tiwi(IV) mmimm of tht ScMff Hataa^ 
<i«»ivai fcMi •aii^ylalNlaliyit ani lk««ia«»s»t »i»teQnot 9«nttiiiiiqr 
4*»«l^«y SiNaatlioiiy m d»ait»«aaii«yl.ai4lalqrdfk a»t«yil*Mey»Ji» 
na|Mitiiaida^«l« and 2l»ai3!ilmttluMMtljAei mm9 p9t^t»^ ani 
nMsantitiaatf Iff ai«BiKtai anniyaat* i*ii« and aiattMn&t 
Tim s«Iiiff baaaa litlNva aa l^dantata imiiobaait Uganda and a 
l>anta»«ooidinata 9«f»taf ^yva i^idai atsuttujra la auggMiai fov 
t 
th t mmimm «rtii«ti «r« of 1^« voi^ «yp% lti« Vio f9««|tt«fit]r 
i|iiii»ali<iw«l ( M iiaii«lt «t ^ 120^) and iTTKio «PC^ 
TiM l i b i d o «li9X«t«t^^ IIVia»)4l. a i# l^ (a i2 ) |^ 'S 'V 
I ^ M O ^ l ^ l I j i ] «»<«?• iM i^giairwl itfi t»t«t{Tjifit of tli« «»»piMpoii4ing 
Tfi« genivai mmf^mmSi mUihy^ ''^ V£i(« x ) t M l nmtm 
i^ m 9iyy tidtt tySf pjmtValf i)i«fe «i|^ iPiifisi «6liil« i^«etr« of 
t!ie fosciiii«tlim WiOX) (U.) Ci^l^ U« « irdUtom>i« plUB trntm* 
4m%»f oi(«i«t« tiitt«)ifi« plus t3<»iiotf«it«%« oualatft t i l t t i ^ n * 
«ytt<iin« 4wtsil4Ai(»i« p p ^ o i ^ ^ mM^mmm9ifii%spmp%mA9 mlA^ 
<ftliyJL <ii wli iwtn<i aiwl iritliidioltfli^iiaf vtcff Uttirfl %o dudhNMi • sttiif** 
•0ii«l«t«il •••lQfim«B% of ^ « « ii9«Ml iioiiov adiJ^vltir i&nttant 
mv^MUmViMm to tli« olit«rr«i liyipwfino iputuii9«« \^* ^ ^ 
ooJUitioii liEmdtHapM IHUI ilkolv inwrrttiiatlBii ooonilutlio of 
V0(lll«)2 ^^i^y}^ ' ' ^ ^ ^ * y * ^ 2 ^ "^ <li««iMi»«l# Tiio lol.« of 
MMiiV»to» i t i^titvotf 111 V0(AA)2 OMA VOCOXH^^) toM^lmw* 
Coofiioicot of Ii»» Imp dUf and i»««o»7«rt«rie oelii with 
oitovoAodiiiidV) liovo boon j ^ i p w r w ' Ttio foamotloii ooiistant 
pot«ntii)fs«tHcaily «t :£9)^ « Tfitt «titt«iiie« of iEiiiii«i«cr 
esm^lmm of l>alli qpt&eally aetlirt mult tn « imt-^m m^m% 
»i©»»tartiHpl« 3«id« w i ^ [_w]^* hat li^tii «ciiifi»?iti» 
£nt«r«cti$»ii t%i bliCtriltatthyiallyl1«f(thylUth4»R in Oltg 
^ « i vylg aiP j^/UgCmtglg]** ;:iivi» C^Mi^ lt (f^^, a«CH{siMi^)g . 
sQlutidfi of Vi;l.*iim««U at •fe '^^ c;. YH© anlution «hang«di from 
$iisxpi« ta 9jr@€n and wss ali4.i«r«il to wa^ ia t«i rua@ tis^«ratttr«» 
r«ft«r j£«ifi o i l iMeti was «irt3r«i6t«^ f4tlt n^li«»aii« @i^  fiit«r«^» 
C'jii6iifit3[?«tioii of tli« 3ir@»»itiiii i i ; € ^ s<jiutiaii ami caollngr to 
••2'>^^ ^mrt l>£i^t l»iii<»»9ff#in esyttait* 
i^isulittituit«il t«tza«wl»ofiyiliytlciiSo3»iviiii«diiai!i eoB^tuidis 
i«<^x«»« ta ^ v « i!|%idiiii«}thyXdUyI. { L M eoi»|iie)i«t. L*V{co)^* 
Th« eoetpottudls wwt cliar«ftt<adt«il and %hm twfs.m% hjivlng M« 
9«oi[|»c in vdxioii* positiofit of tti« a i ly l Ugaad Iden t l f l i i by 
*HN!im iliirtsoicofly* 
x««et with l tijiiivalint of a l»3»dlk flout (tfiktttl In Tit^  to 
9iv« th« aiitosantltivet par«!iaijn«tl« •onj^liKta M(aik«t)Cl2 
(Tiil^lj* ^^•actlons of the«« raagantt nith {.KC^^ H^CHj ^^•2* 
r.l CH^ (^ 6>yil«k2 and LI NCnSi^ li^ )^  ^ v « fic»val alx ««ntltiv« 
'^o 
naif b% xtMVf (ili^l«e«d by fi«uty«i i^ andtt nvmk at PMi^  audi 
t»ipyirl€liflt to jlV« flil9ioO£dlfl«tiQll «XI||QUfld«, 
/ H O \ 
was* isoXatadi ill only lorn yi^ Xda frwt reaetiofit of tha i«S» 
Hi :«ftonet Vflth VUl^ C'nr)^ in THF. 
UiH oxov^naditiaClV) co^Xticca «dtlt Sehlff bataa d^dlvad 
f]fo» t4iieyiaid#iyda us mAsXiiatfiA aaii^yXaldahyda and 
2»ai^ naatlianattiii>X &M dmsmiimiMx^hmmX migc* pxaparad and 
studlid S»y sEjyaitiaX^ '' in XV78* 
VanailyiCxV) ccie^Xaitaa^ of oC «^ri^itlili»s«ieasiia«ld« 
ih) af ttit tyjia [umiu • xlj^oi.] Xjj (x • t*i, t:x, a l^ viaira 
putD^menA mA %hsxm%mi%9A tsf «hied«aX anaXysas* tiagn^tle 
par^ anttf eXcfttvonlt and x*ru Spaetva* 
Vanadlnn(xvl^ xaacta tdtli aodlim iiK»i^ i^abantoat% 
giving «oiiipXeic with fiaflal«»li9and ratio aa it2« 7H« oo^laK 
tiaa baan «haira«t«tiaai by alaRiiaRtaX malyaaaf alactrieaX 
eonattfttivityt magnetic ausetiptlbilityt l»a* and aXattsoni« 
airaiXav to pxofioaad IntaKnacaata ^««oiaplaKet In catalytic 
ayatana bavc baan iaoXatad fjraca tha xaaction of oXafina tdth 
i:u 
Vti^ «t «TaP* /it Islgiiar i«apt»«tiurtt «oii«oiait«iit ollgo* 
{.)«3?lsa^of», lsame9d.satiofi aad n«iAi!t#«lft y«iieti£ms <»«• 
i)l»sac¥4Ml» giving irlftt to a mwplmt stfsiy of pxoducts who«« 
anaiyalt inciieat«« th«t i{i^«ttioii intu a Labi I© V*Cl 
li^ iMl i s a k«y st«p in tht above eitaiytl« nativity. 
ph^itfithrailn* iphm) mm studiod aptetsrvvpl^  tgii««tri6dUy 
at pH 2»li« (iti^iiity i»9n&tant« c^ f Viiii)*'phm ca»{»i^x«i 
aire 3.^^^ 6*14 and V«23 xi^«ctlv«ly, Tli« vafiadi«M(iW|>^tii 
<}C»i$»i«x i^ «ctx-actiil ^mil by iiun|)oi^ » solvtrntftiuHui^Xi^) 
in tl}« i»r<«fiiu;e af monovai^it anions mmh a« fid^ '** in ae^eotis 
s«iutia»i tilt Vixy) emi^im i® ViHoHHiWJUCphin)'*' ami in 
ft. 
fx0m taiieyiaidahydc* a»6liioj»s«Ueyiald«hydl% and 3,5»(^ehioaro 
saii«yiai<l«iiy<l«t a»tiy^tooicy»Viiaphthalde^d« and o»hyclv0iqfi>«iByJU 
«ain« w«r« {^iparad and ^araetarlaad l»y »lmnmt»l analyaait 
i.H. and tlactatonic tpaetva* and ma^nati* auacaptiliility 
ii«aaBy«i«iita iwm 8(>»294K. Tha Sehiff baiaa behava aa tH* 
dantati^ ittliasit OHO donov Uganda* tha coeiilaxaa aitlilliit 
at^ nosmaJ. magnatitt raomantt^aff • i»liO»i«23 ua at voota t«nf»aratitf 
Tha na^aatis momanta of tiia aoieplvcaa dacx^at algnificantly 
aa tha t«iparatiira la iow«rad Indieating tha fir«ianaa of anti» 
f «nrf»ia9natic a9Mhan9« tdth a aingXat gcound atata. 
Th« «»eha»^« Intwaetlon i>«rff»tt«r» J of ih^ cnn^XiKM 
is in th« saiigt mM to •307 cnT^ Tli« eon|^l«xet «i^li»it 
3 @l««t»»ttto Wfimtfal l>«ficia at arpttiid l3«XiO» JUIofO and 
and d^^ —»«lA ar«i^«etiv«iy. Tlie J^  iVtQ) firt<ni«*i«y of 
the ca(a^l«x«« I s ca»^ igrv«d in tli« vfiglon VfM«»vir< CPT^ Irosi 
riapiftlc siMt«iptlli&iity m^ *miU data a dirt^ric ftxuetuv* 
«dtli b«iiyiiK>iin0|»liflii9i D atcnat a« the tirifigit^g at@mt i t 
fSX|3«ttid» 
«hiff lia»«i t4»tiycbraicy«tliyisaiidiiii«i^a« I t 4*42 S«M« fliiii 
v«iU9 i t flfuitt low tutu tii« ^ i i i aaiy vaiui» for th« d* tytttn* 
Thlft Imi vaittfi £iay conrtspaml %dth th t siiboox;.;«i taa^netift 
titcKatnt valitet i'\rt to JUt^ d d»^ 'U) «)litdiiifKi &V Ztienlotov'^ 
fot vaiiddyi ««i^iinc«t ^f ^(ti»liyijbtfQi(y{iti«Ryi«4iiieyii.d«i«lfKlfit) 
typt Qi li^andt* Tht # ^ftfi^ttra^on of vnfiddyiClV^ i»i9i;i«stt 
^Itii l»l€ltntatt :.i3iKilliail« m4 f^kmdwiiimt^t^ MbmiM ^^chlff 
hmm hm0 i»um at^i^iitd* tlity l i t in ttit xangt nf %*^ %& 
Ttit tompitxtt of onavioiiidliimtlVl^^ «4th 3»«lddhy{k»«ailcyUt 
«ti<i tmi 9iy«iii% anil tntttrt idiit «ti4 of ^ t typt 
[yo(ASj«Mi} (Hj^)]i i i i [V0(ASii/w4lHH3p!] «r« found to I10 
p«v«it9i«tltf «h«r«tt t i l t •t«v»i«it«t of onovtiittfitM^V) of tht 
t i l t nt9fi«tl« Mit t i imi i lUty of ostovintdiwidv} tocapitKtt^ 
tfdtii 2 Hirflteoxy |ptti(piitli«idtl]ydt antf ttiitiioiMiiifit o» pg^^mmh^ 
mAtm tvt Mtff « JU3l»l*5i S^^yu at irotui tttap«rttiur«» Tbt 
tu t t tp t i i i iUt r of th t t t t tnultxtt i t d<ip«nd«nt on tc^trttMJrt 
and d«03r«ft»M tlgnlfitafitly «• t}i« tin|>«r«t»yft i s l&mm&A* 
7li«t« t t t t^w t u ^ M t that tl)« coiipi«K«s «fft InifoJlvti in 
•nt i f «araw»«i|n«tl« «<}itf»Uii9 of tidLfis* 
T>i« m«9iiftl« |Nrofi«rtltt of a ms^w of oiic»iriUi«il^ yiiiiKW) 
«0i!3|>lexW^ of tf>« 9«fi«r8i. foaniiiia [vD(r^)]ftt dir iv«i fswa 
a^fif^oxy Jp»fii|»litiiai<i^il« «id ant of • mmhm ^f atiiaUtittti 
ai» i^idfioptiflmii Cx«"««»lvifi% 8ia4«8tilc m4 n^ &9 I) haw hnm 
inv«ttl9«t«tf lyvir tli« t«i|^«r«tiiira vanft of 77«9a0k« t h * 
«olv«t«l conpimat (ii«ijtt ac» H2O oir EI0H) oli«y ^ « ^irlaWdita 
XiAff l»tit Qthm «Q^l«9t«t Cll«^) «Klilt>it «fitif«rxc«aa^«tl€ 
bihsnHlQiijr* Tli« iMpurlsiiitai data fox ttt« imtifaoeopingiiatle 
corsplaxaa litd&cate p^l^y^itaXllc stxuetttva and have ii%m 
ifita^Mratai by ttie uaa of i|ilii «it«haii@a th«isy* 
Tht eia^«tl« sas«aptll»iUtiy nf Ills «yclQi>«it«iiiaRyl 
vaiia«lliaBCxii)^^ la X330]iljtr^i^)ClfwXii^ii9 tha diamagnalie 
eofxatti^n » Idl^xlcr^Ci) aon-aapoiMllnii to j l%f« i«T6 iM* Thlt 
valita la aon^atoRt w l ^ tiiat tlia mwiiar of vaXanfta alattvoiia 
ia 17 111 thla aonoaiaria aoayo<Mirt» Ttia eiagnaUa laoiaafit of 
(tola «y«lQ]^«it«^anrX)lo<lovaiiadiifli(XXX) laMg^| /2*91 m at 
jpoaai tauoavatMJfaw 
Ttia aff aetlva aaaaatit manoftt of bluMBXaav OMOYanatfliMdV) 
coiB|iX«ii«i?^ at xooM tam>aratiara ava Xowav than tha aplf^enly 
¥alii% Uft m» fha na9ii«ll« auaa^tUiiXltlaa wasa naaaiivadi 
at vaarlona twaparatiuraa and tht napiatlaM of tha «QP|^ l«caa 
»^'0 
t<|ii«ti«)iii 
2 r I . .n-i 
^ «, 1 ^ - [ 1 • f «qi 1- M)]"* • HcC 
«^«ir« J i « th« «i«ha«ii« liit«prsl tiftnttn r4a^fi«Uc«lly «cM|pi«l 
pai9 »id !4«c i<i tlt« t«i{>«r«tiiar« lfidi|>iiiii«it fiwtmagftttltB* 
t i t i i th« ii»jr«asln9 ox%l«r of ti.^t»iifi»idtliiitjr8idii9 utoiUtim 
of ^ « siiistitiitiitft tfe« ^ail iNtlitt (9iii9i«t«>trl|»lct enetfy 
^cpi^aticiii) ifievftttet In th« ««s« of th« eimvafiadliiiidv) 
Th« i i i^ i i t le 8iis«^titolil1^ af l^ff «cj{a$>ii^^ of b i t 
i 7^  •«V«i«^^tt«iii«niyi) v«»i«iliim(i^)^^ «»a» d«t«Kmiii«di ctv«ff the 
r«n9« JiOG-30^. ^ft«r alJUswaaec ha<l bwm m&d9 fair t*i*{i«t«e«« 
• U «iM#oitad« i i^ l> l t« i €i»plt i ^ 6 li«li«vl&iur «4th t f f «etlv« 
nafftttlA sMMa«iii« ifi th« »«ii9« i«63»i»69 a«M* Th« v«iit«t 
«»• «(»iMiitt«i% liitli tho«« «x|i««t«dt ftoti « iti«9ii«tic«liy <fllut« 
Tli« «aig^«ti« HKMiMii of tli« ir«iiadiiHi(lV) tfimplfK^ o^ f 
liMitSriilfi# Wit dif%iHenlkiii4%o li# JUTSI«%iliidi !•• nosiosX showliifii 
Tti« dt«lkio»oirafi«dliiR<UI) «(Niif>l«t«t^ w«r« idtnt l f i td 
liy M«««i;ria9 ii«9n«ti« n M M t iNliicti«»«« foundi to k»« 1«'^JU8 8*M. 
Qvt^im— of VQ?^  « d ^ hitt l f l l f i t audi ai«fiifi« i»ar« imaA 
to li« pavMasnatitt Ivy Hailli a t a l ^ at tfia vaitiaa &i magnatlt 
n«iiaii% «r«r« LiM mat l*C9 B«ll« 
Ttui eia^fiiUt womant of oieav»i8ittiaitWl timplmm^'^ lAian 
t}i« oxiiital afi9iiia» cantrlliitti^ii ia aXtaoat toi^lctaly nuanehadt 
aa i t i a aiQiaetaitf hf tht low aypnatry fiaifl« ia axouiMl 1*73 S*M« 
t i l * SMi^alit cao c^nt iralua fox tl^a ]^aaaiit acufilcxaa tiaa hmn 
immA to l i t i n tl-tt iPanfa h93hl*W i.M* at xmm t«ip«r«tiHrt 
ifNLtli is abaospMiUy ifiittaar than tHa upln %;itly vaxua C i*73 a«i.i») 
fa« a # confi^ixaticdfi* t l i ia a^noznai ira^a ta^ l>a diaa to tlia 
Itirtsantt of aiieliaiist cmiplt^ j»itif «r90fita^«tiam i n ttiaat 
tonpliBtat* Eaiwitaov m^ imt«i imi the raa^nttlbt al»fio»i«iity 
of oxovanadiiaaClV) em^lmtm of §• auJ^a^ttitaii l<l*(3»liy«txoi{y» 
iihanyi) aaiityiiilfiilialjit a (liKiavit oxygMi hziA^wA atruttovt 
«i^«ti {ivoiricita an afpvoiijrlatt ^f^iattry f<^ v tht Sdny oxbitaia 
of vafia^ttMiCiV) to ovarium wUh taeli otii«r and fo» a atvong 
<r- f&ataliNsittal hotnim 
TlM xotR tawpavatiHra ma^aatit laooiaAta of tht oxevaiitdiMidV) 
coaq i^aKoa'^  of toidtntatt Stiiiff l^ aaat mtaaityad by t l i t Ooiiy 
tiatlio4 tiaingi Mg ^ Co(tics1^^ aa t l i t ttandao^ l i t in tht caimt 
i«7»»i.'M ft.il* ami t i t %U99 to tht a|»in»oAly valut of i*73 l*il» 
ant w alao ttanpasibla «iith tht woiaanta ob^awad fov oxe* 
vanadinaCXVl toaiplaiitt idth ^nobaait bidantatt Sthiff baattP 
c/r • # ttfltli vmim conttimtf 9 in tli« jrang* <^  to • S^ K. 
fli« tfi«aBwlysi« of ftGifti^tmndt of l;li« tyi»« Cp«VH 
piara i^^ niiUi^ t in tht tiiip«r«tiur« xsm^ 90»3rc^ a caammt of 
3,T4 B«M* «fAf p4iwMur«Ai Hiift eox£#t{»on4ft idl^ ^it«« i«ifiiilK«i 
8i«etvoiisp«r tiiol«eiii« &nA i t alfto fotintf fov vana<iocin«. 
Tii« ttft^^titt »«m«it of th« t«lra^«&9fuvan toniiiexat 
was clitccniniil iit di«liJU;xwi«^afi« by hvmm ami x$m^ ^ xam 
X«8 %» JU^ t 2«^ to 2*7i «<! 3»7 tK» 3*9 _ f{9« tliii tltanliM ami 
V4n«4iim* Tli#s« v«liii» «art in % • jrai^* «q|itctid for o«tah«dUrai 
Th9 m9^9tXm mommt of tli« VO(iV) mt^lmf^ ('^•fS £i»tt*) 
i« ttontiilMrikily Xciw«r ttian tli« fiififct«tf tipiiiwoiily vidit** Ttits 
i»«y b« Alt to p t t t i t i n«it»«lit«titfi of tilt tltttson q^lnt 
«tat to V«V iattvtttioA. Possibly ttiis indittttt a dimtric 
ttstttturt fov tht tMpltii* 
< 
f l i t ittfra ar«d t|»«(Blt»ii of <»iR»v«»ia<^ ftiffiilV) mm^lmm^ 
of C«) l»l.«l«iit«t« fiaoi«»%iaii« S^tiiff l>iis« ani (li} c|ii4wl3rid«ntat« 
diliasi« .selilf f li«st hm% h^m 4k%mkm^% X\m laj^irt^fit bandf 
of ir«iii»lyi iMid QMll atsTflelilfig % «^t« 8«$lfutil* Hitttt ixitfiilft «»• 
at 989 ± 39 f iT * «iid Ci-ti lit Xi»X$ i, if mt^ re^«6tlv«ly* 
fltfi6ti9fi»i tJdd#ftt«tt s«lilff b«««t ftaileyii4«(i« c ^ i f f i t d l i ^ i i t 
f^id floiittyli^tit* 2»hyd£ojfy ii»|^ x^«^yla»lme nitve btisii «tiiditd* 
th« 60B^«xitoii of tht l*if» ^«6tra uf tli« ligancl ai^ th« 
e^ai^I^ tlKmi> that ti lt c;«c;A^ »l4 stsatcMnn fie*mmmf hmvA% 
oc€ttr almost lit ttia »«»• xapioii* Thmm bm&n art at i l i ^ cm"*^  
and 163^ fsT'^ iraapatt&vai|r* Ttit atfttaitlfig band of 0*0 ocoura 
at t60«>980 c»?'^  Tha UmAB in tha irag^on 91ll»&63 mT^ in li^th 
tha ao^lawaa mgf )»• aaai^itai to matal cii(y9aii ami ^atai 
filtvo9«i b9a^9 rai|^attlv«ly* 
Tlii V«0 atrat«hifig fjrai|iian«y of tii« oxavanadliMCXV) 
ttofa^iaxaa''^ <i«vivt4 twm 3<»^ds(i]iy»li»iiif^itliai(iabyat antf 
at^anoiaBoifia ov pwat^ anaiacdna aeaiHra asountf 990 asT^ 
tha i*#* apactara of oiiavafiatfiwi (XV)^^ adtli sthiff Haaa 
darivatf fxaia Hifitaiia 2*4,^t«&oiia mtd atliriaiiadlleiSAa i^hmi 
bafida of mila» 9t«»i«|i» «a«vdl«iatadi ^ta^Ofl ^fittaitp and V«o at 
3220» Jl^ ai md 990 msT^ ara^^attlipalf* 
«^> ' 
f a» ik% m,V^%m9albmwt% tsmplmtim tar* l>a««l on th* v^aultt of 
n&xmti fta9£<Siit«t« afialytit on th« fjragntint^  in th« 1480»ld6o 
«R*^ ar«0ldl^  nutillif atiojcl^ cfl to partl«J^;iatlofi 0f »taoiune« 
E 
->c 








lh9 |K»8itiofi af ^ « hmi i t if)t«aESt«diiit« i>«t^ 0«n th«t 
I t hM l»««fi 9it99t«%«< ^i«t t i l* Vic ^^ H) ixtf^mntif 
dirndl In a atwmijUf wity on thii moMiitsy of tlit dNwltic* tfeit 
fxt^tnty d«tY««tiii9 ill 111* im4m Btfimm^plmm > t«tari^«l»al > 
o«t«li«Ar«l. > 41ato»il«4 otti^tiffiOL ox pfgmA4»l» t\m 4it« 
iiviJLliriiJl# lin not wpfKUft titcti Ml oMlivlMgi fodp #oiipfoiMMli of 
u o 
tarmil i» stun 
Vibx%U(»m of %h% GmQ |icHrU<»fi of th« P«(M: gxniipifig 
3r«t'#<»fl Jl*l»6fn mT^ are pi?*-t-b;*ly aaw«iat«i witli V iP^s] 
ii4i^«s mi& « • cofi«i»t««t/j"'-d« lf<>« P«<s ami P*-'WK 9X<s>i^ i*V«xy 
w«ili. I»sfi^ « aort olisQwiMi 1»«1{}W 429 a»T^ Band fs«<|iiin6l«« 
€ti@];««t«d.ttl6 of Awto^tiitd «y«iqi^«iita<Eenyl j»iiap®» said 
aln»«t id«fitl«aX to tlio@«» e^siweid f<»v th© corrtspc^ndlng 
[jUfi^ V I alkyixafil^att)] [111^ *4] cos^ltxts «««?« tmn fox a l l 
ilitiileNsaslNtaati^ afMi <litiil(^{io«pliat«s» 
tiMi litfsa irttf fp«etxtiiii fov th« «o^l«( l»it**«y«i<»<» 
piDtadlenyi vam^dtw^lli)^'^ iiet on* l ingi* C«a fttsrtiehlfiQ 
vil>K«t&oii At IMI mt^ (toiii«fi«)« «on»i&t«iit mUh %h% 
f«xiaiii«tioii of this co^ pMMiad «« « tmnmrnckt m&iioe«sboiiyl.* 
XM tli« ififK« ««i fl9«it»« of ^ « l>iiitei««r omvstiatfliHi 
(IV) •oiB|ii«t«g^ no ^toxjptimm li«adi to tho foiiayi 9x011^  
mat found in th« vogAoii l7fX)i>IM0 mt^ m4 m ttaroim liaiKl w«« 
found •vound i l ^ mTi- Tlti« bond miiy bo ottvilMitod to tM 
C«I4 tt£0tehin9 v^Mtotioii. Tho V«0 stsotehing vibxotioii of 
(V0)^(f8iiii|Mi) {mm) ia««l» Oit «Ad Ql) wao oii8«rv«d 
o <> 
990 mS^ on th« ottitr liaiMi« tti& V«0 atirttt«tilfi9 vitira^oii 
Qf ivo}^ ( f »«^iip-^^)(cm«) tiilft«il to a rui^ofi of HQtmi^ 
dm^if iow fr«<|ifiiey ClWO ath* ru» imt i^^iiet that 
(VDI2 Cfft9i»s^j|Ko»l«l lias a £Eff«r«iit Mi4«iil«r ttnietmr* 
llm i««* «i»€C»tes of t^e 60i#X«x uf iriiiiadiwi and 
hmx^^ln^ w«c» irieoJRitdl In %h« rang* of 4or/rw6rin f©*^ 
in m$9i* Vms of t i l* ligsml at 3337 mT^ do«a not ragistiar 
ratieii shift in tha si»aetira of the eo6i#l«K* Tfvo staroi^  lianda 
at X^ 3d and I&IS m*^ in Hit ligand ^^eti art a« ipiad to 
UH2 d4Nf«» t^l<mt atiift to iowir ixeffjtmmf rajtsn «lth 
daairaaawl intensity In tha ^act^a of tha em^lm> h st»»ng 
bmtA at i^io ceT^ in li«n»itllnat tthieti can <?auily ba a@ i^atf 
to 7ing vllixatlfm* l£i slightly ahiftad ta Imam firacpisnaf i^  
in tha ^attva of iit^ai ccMstfiiaK* A atarong band at i27^ mT^ 
in tiia apaatviiR of Is^ aiKiii^ na aaaignal»ia to V c*N daotaaaaa 
Mth in fka^anay and intsntity on aaffipiaic foxe^ati&n* Tha 
HH^ xo«kin9 o«««»s hativaan Sift and 030 an?^ Tha Vv«o band 
ap|»a«ra at ICOO «M*^ in l^a vanadjfi aosii^ lMc and thara ia a 
wtk «i»ao«|^ tion in tha ranga 9^0*900 aat?^  mhiah akay ba 
ao^gnad to aomdinatad suiiihatat fa« tdiLah V » oaaixa at 
9tcj mT^ in [oJdiHjJg i^soJ a». 
4 o 
TH* Inf7« ar«| 9pim%xtt of t M S«hlff l>«t« and l i e 
lim^im « 1 ^ oxeir^siisiltiiilXVl^ tbow tt i* t « « eluoraetflrlstlc 
liafidt f&3t tti« «roisiftU« »ifi9tt ^ « •sciatic 0»H strvMili if 
and tli« 9aimiKt$M CMI out of piano dtCotfuatloii. Tli« 
aloRtftlilfit «tx«t6lil}i9 fx«f|ai«isy Is shift«l ^wigt»m I n 
t h * ci»£|>l«cc$ f«%»3 i t s valitff of i^m «n*^ in tlic f»«« llfatM! 
Tli« i«»« «^««t»« of tri« ««3te|il^«i »f \R3 *^ with Itlstidlnc 
aiwl »lwidtm^ i0i»m tlie ii«yf»«tri« aii4 s|«i»«tri« COO* 
#t««t«liifi9 l»i^Jt m:mmd 11^''* md J^w mT^ 9e«s^@ctlv«iy. 
Tli« ^mmm9 of ihmif tifii b^mn m^A t}t« @lis«i6@ of a p«8k 
a2-^ >t»idl HT"''^  CRT^ ^ « ta i) 4;«0 of f « • • casilioftifiit girovc^  
imil««t« tHat ttit iii^iKi 3614 !« t»auii«3l to tli» utttai ttucau^i 
tut ««sl>oxyii« 93roi^ VD ai«fiSii« tfhcmd tM» baivls at 860 csT^ 
ami 940 «n*^ lfi(}le«tl»9 tli« p»9%mm9 oi to^seidifuitfid «»itt«r» 
TIM V«0 atrvtfttiliii liandt apfi«Mr ii»oiiiidl 980 a *^*^  
The i«iU SpMtv« af tti« «8lfi9 «^4» l^ow bands <lii« to 
Hfii MMi tm^ atrtttt^nf lEKicItt and asotanii W^ and 3 1 ^ CBT^ 
r»miMtlv«Ly« On •o«idin«tlan th« mi^ ntviidlkinf shifts 
to lomm f9«c|ii«n«lM «ihii« th« fM^ strat^iing di«iii|>««m 
indicating aooardination tharotigli tha<^ •amino fiaro^ pi* Thia ia 
fuxtkm anp^oirtad by Ittia ahift i n th« €»H f»««fii«ftty apfiaatinv 
airoiind iido aar^ vagion. Thn vanaditae coaiMHind hiatidin* aata 
am a l>ld«fitat« U^aiid «$}«r€tifi«tlii9 ttirc^c^ tti« ««xlioicyiS« 
9zoiap m4 t1i« </- maim fxoivi* 
Tli« mfa^tXm bitC3«t @4^]cyb4n««Ufi«nt)«»<H>$iliMyltvi«diiii|j^ 
vaiidliKsdxx)^^ «oiitaiisi£ tm ^»tm m^XmMimu Thi I.JP. •!»•»%»« 
fttKHf a strong l i i ^ at imi m^^ miA a Iwoad bm4 iit 3:»K^ 
d35a «nr^» i l^nlf^f i f / t ^ pir«siii«tt of i« t t l«« wA.mT' 
T}i« l*jp« ^«ei£a of tli« eoi^Jl«i«a ilo not b«v« any 
bands «^«ii nay ba m»i$^9A % V«o vibspatloji* Thia ia a 
^iwm pxmi of tHa f a£t tlittt ^ a «9ii|^J.^«i tiwra btaii waU 
px^taatid fjK^ tiia a%»i^itadLa oxyg^i mA mm tmt oxifilsacl. 
Tha t^st In^iovtaiit i«]r* i^aoxfitliifi in tlia iiganda 
oeaur at U^ (3} and J/6i2{s) m*^ wMali ahift im hl^hm oar 
Icmav fc^i|u«»«iat an <»intli«ation i«» i&^Cs) mii 1.63(^ 1 V«»S) 
in tHa e«n|ilaKti of vaam^jtiinClIXl wd^ l^a(lian«) orphan and 
bia (aii»atli(»M)^aii«)o»piian xatpaatiiraly* Thia 1 dtia to 
cm fttiratabing^ 
Tba i^r.^^aatsa of tha oxovanaidtt«Bi(XV> aomplaxaa'*^ of 
sabiff baaaa davivad tmm 2«2*»aiiiiiK»«ltiylpy»i<llna hava baan 
xaaoiddi and taafiavad wit^ that of frea ligsnda.Tba CMI 
•tvattbiiig vibvatioiit m tha firaa Uganda axa Jl,a«atad at 
Xj644*ilM0 mT^ and tiia daaartaaa In tbi lv iwrnfimmf upwi 
aoavdiaatlofi lndl«ataa that ttia inlna nltJK»i«i la takinv i^ avt 
4"r. 
M 3 mT^ in th« schif f iia««s «lii«ti n9f li« attjrilNtt«dl to 
-^ mvfm 4> syei^ CQ^O viisx^tloiit* Tft« IIMV 1»I3IIIIS i n tH« 
ct^l,4i(ft« a£9 nearly at tlitt s » « pla«« at those of ppd^ 
dinliaB ion md tl i« in«r«iiis« i n th^Ue iKjtitlon fieviii that of 
fxMi iifsioi i t an indication ^f e^jordination of pyxldlnt 
to tht m«t«i at«3* i-% uiKt^9d dlf f vctnet fiat alto tt9m 
itb^mif9$ i n th« aring lartatttlng tmdws «^ich ^p@-ar itt l^X^^ 
i"-n9 QiiT^ in ^ 8 fjret Ugj^idlt «EI^ c»n €W|ii€Kiiti<>n vi^iiaefii 
fr««|tt«B8y i^ f th i t l}s»d i t dii@ tit^@stiv» <if pya^idint 
tooxdlnation* 
i n t i l t tiicaeirtolysit sty l^y of th@ ti^ i^ poondt of tt)@ typ* 
Cp2^ l^*»yi> th« in fx t r t i tptttVA of th t t t e<» i^0iMtft 
thotr tht fjrtcftttntitt of Tv •iMndtdi cyvisptnta^tfiyi aringt 
(intcuq^tiiMit t t arwo^aofo, i^sn^wm^ intm md i m<^m m''h 
Mid t i to tht G»H mA CMC f«t<pitntit« of th« ^roi^ H 
itbtoxptiont t t 3r>ao»29l0» HftocvjAOO antf Tfop^^c taT^}* 
i n t i l t U9m tp t t t f t of N»hi]fdvo3cyttDyit <^»mtlliyi 
:^iiy<tcoxylitntyii4«itltiint Sthiff b t t t (H^)^^ two iMMdcit wi»t 
obtttvttf t t 3610 mi4 Hbm mT^ t t AgiMblt to *)> OH anA V C"ll 
jpttfitttivtly* in tilt t h t i t t t t * V cm trtt thiftvtf to iowtr 
4..> 
ih i iiivi»iiMiiiift% «}t tli« «ta^«lt^« fiitj^fiifi i l l «li«li^i»i» 
f h« tmmmmuM &i • niw lixoii liiitii in tiit irMg* of 6io»^ 2ri 
th« ft«t«t m i o s i s i t i^ >«xcil{ia(t«dl msA m% i i t t i«t htld* 
b ) — Q ^ 
i»lig«J 
III® imX* iiifctra 9f [Viai^i>lii^l2 ^^2^J ^" li«xait« 
8yfg»«tei« <{«fo«natldii ^ t M ^ •»Si lK>ai iflii«ii In S|M« f t^p 
^ « tm ^M#«m4tit« #f 9($ml inttnsity. 7ti«r« iur« ai«o stronf 
vilMr«ti<»fi« pm^mif mamg^im vdtii Sl«€ ttvotelits* ^toniitioiis 
mmmf •tmo mi rm mt^ «lii«ti «»• «}i«s««t«rl«tl« of tti« 
4 
{Mtofeialiiy fill* to m9i%%h»mtS»'3n mod^u 7h« i«r«af>i8lxiiK 
llitrtft atvong «ryi«ii6« that t i l t t»iaithyl«ilyliiiiii|li)fi groi^c 
9af<rm^onA9A ta tiMi ^«t«i «iiitr«» Th« i.v« i^«tt«iM of 
[VEtiCCp^)] i^ ii ]>«ntitfit sliows ttir^iav «}iair^tiiri«tlt «y«io» 
Tti« i.ir* niietra af t l i t |ili«fioi «ddiMstt ^{mam^^ 
Cp«)H^^OH)^ iiov* l»MR ar««9i«t«C Tilt 9 C¥*Ol limwi of 
mimm)^ i^p9mf at U^x^ mf^ Imt ^ « far«(piiiBy <S«er*««M 
an «iA;et ^oXiitticiii, Cair« «t«l xcftoYtti that th» Lig^tloii 
af a. iulitttitiitedl pyaridlmi in vanadliMn ^ tht fkosition els 
ta 1^« um^lii^ni lt>y«r« tliei)iV»Ol ix9mmm^ i»y 4 : ^ isl'^ 
f M l « t r « » iigatlini iiif 2V jt 4 mC^ tit® £^«iwid V^ v«>o} 
fv«(|ti«ii6i«ft fus tti« |»r«8«iit «o«|ieMaiA« ar« too l»«f t» i»« 
t^« i i m thot* f (« tlfl^i« phflooi Aildiifitt* Siacti a icW V CV«0) 
f««<ftiicity is «biiKa«t«vittl6 of th« &ii»v«fi«lltMi{ XV) «acapiiK«« 
toM9riii8V«o «*• v«o ••« hmAn* 
l»A, i^itt»« of tli« ^hiiiolAto «oeipl«xM VD(OC^H^^ X,^ } 
{mm) iphm ojr blpy) (x«IIQ^ii«l«2 o» 3) ti«¥« li««i (i«*cvite«4» 
Foir tli« « ! • •ofifl^urAtloA th% V(V«o> ft«(M«n«f •htrnai no 
tp&9mi^l% 4iipm4me9 upon th« titttvaiils natiiy* of tii« 
pfxi^n% itiilttilMiiit^ ««i«r«ii« fo« tli« tvan* on* tli« • I f t t ron i * 
v«X#t8« Ivy tht Mlittlti i iRt eaitf«4 • saeliMtioii In tttt txm($immf* 
4.; 
A i i t i l t nitX9pli<iioi«t«i i3i^l«)f V (V«0) bmAB i n tli« 961* 
973 vigiofi «^«li as« lilglitK than ttioft* fox tHt i^iimoi 
acyu«t« «fld fitli«^ i v t aimdit coAtlMlt. I f H i * tlKiV« i.Jr« 
«tit«cioii fox th t 9«m«tsi««l st««^1ifir« of V0( «ft««)2 *^ ^* 
«lftd ap|ili«ilil« t0 th€ p««««»% •Qii|ilfK««, t l i i« tift «nraii9««it 
Qf tht |ili«nQl«tt to the tufolisaiiil mmiM !»• i^ ^st {«cilifibl«w 
ttM i*r* ip«et3r« of tlt« «otipl«x«t Ii«l9ir««i ¥01.2 C -^ *• 
ae«tyl«««ion«) and H ^ ^ (E2 « i^b^* Et^* ^*2* ^ ^ t«ltii^«t^l«ii«» 
Plil«t Ci»»fl«C|^ l^ )M«] w«ar« stiKiiii lyy axwinifif Ux* bmtA nmm 
mm CBT^ «iu« t«3 «triit«}ilfm of ttia s«a ^nd* This «liaoili#iit« 
i t « w«U t s t ^ i i t h i d iinfftostit tuoi faif t$.4ffiiii9 tlic^  $i^ <it 
Qf ti0fKllfi@ il l titlfiti^3{l4ttt ihift ing to bmm frfi<ipt«ii6i«« ^m 
«ui|»littx* i s thm ^ mQ» »tm* 
ijQmm s«o(fvtt)(«r^1 ^vo cfi«i>oiiiitf(oR*^) ( fjr»t»«c«ip4 
(OH^^MQ mWlk 968 S7 
(Cj|liy)S«0 102D 960 6n 
{C^H^)S«0 i^ao 960 fD 
(c^i^lsno i^aa 960 6» 
(c^H^)(cfij|)s-o 104a 9f3 la 
(CH I^^ H y^CO I^SMO 1048 967 8X 
tiiNit in a i i tatta t l i tat data nAmi a shift of th t tu l |^ i i i 4 t 
4 J 
a»mii^am9 to imm ixmpmaim, i t ««i !»• «ofwliMlitf t}i«t 
i t i t th« oxy^Mi atoift iKtiieli $«rv«9 «« tfi« cleriwjr towaxtf 
v«ii«^Uvi* tli« l«r« tfiietta of 3i«(a««tyia6«t£»fi«to) (JLti^ 
l^«iafiilnK»liii«1 «i]t«i¥«iiiidliiei(XV) dimtHMffioltttiPCl) hivt 
l^eifi £«t(i»ltd. 111* V(\r*0) hmd of tli« fiavMtt ccn l^MC 
VDiMi«)2 ^ ^^^^ a{>p#a«t i t .i»>^ i«»fl6 1000 caT^t Isiit tUst i»f 
( l ) i t i t t i l t t i ^ 2SI ttT^tft i0M« f«e4fii»ey xtgion* in m 
dletilofismt^an* taiiitioii of i l l on the atliw hm&» titt *)> CV«<») 
batii i t olittenftil nt looc <pi*^ aitii ^m a i^ontn^isoiifit 
suJUitioil i t a449i i l l l»im««^  to tlie wiittioii th t 97^ cea*^  
hmiA gtmm at th t t i^ tnt* &f the foimtr bttid* l l i t tiiitiiiarltitt 
of il) i d ^ tht eoJnrtt^ iMiiiiSif^  Xnfid (^  fiii^htiio#tiiialiiit «diiii«tt 
In tht X»ii* i^asratttaristift s t^f ^ggtst th t t lt.^|ih«ia»yieoiifit 
stKVts At « imldtiitat* li^mA in ( I ) . 
if! tht i*t« iptetctM of hitCt»ifltio3roa««tyi«6ttofiat9) 
il«iO«»^tii1<»Mwaiit(ttiM(XV> (IS) ih% i)(ViO) bsful of N^itfiMi)^ 
otwivt «t ir»|» « r ^ in aieHloxo^«^aii% mitli lowtv fartepyiwief 
of 932 «t*^ i t vttavdti in HHjoi tnd tfat tttvllbiittij to ^ t 
polyiitffit ^itlA ttxuttuurt tui^ t t 
* « • • • V«0 • «r • • • V*<0 • • • • • V«0 • • •«• 
in toli<i* Tht i .v. ti^tttaemi of (XX) in Ntijoi ti^illiitt tht 
S) (v«o) html t t 970 mt^ ladi tat in i nontxitttntt of tht 
peiy»«Kt« i^itin ttstt«tii»t» Tht 1.x, tptt tvt of UX) in tht 
4'. 
othms md.4m(t&f !}&•• iiiliitt«t«t in^tatlfig tliat lfl^P^«»«ii» 
thvoUn« «i«iii imMmm aa a tMiid«tt«t« U f andU 
Ttit i«y* i^te^etiii of so#iia @c}fiotbi< i^fim»at4^ tliem 
tlivte «hasa»ttclstl« yll»r»tloii»l hm&% aet ^ ir* lain* e^id 
JL&CC» d :l9fii#i<9 tt> VGS^ ViA; mv^i UJ r«i^«6tiv«iy« Xii th« 
V m o««ii»« avimiil 15^* «Meh i t «i9«« to l^i^ in the 
i^ «x;teiin of t4#ITa*fi|0, thi t &ii99«8t« %im% in tii« «o^i«c« thff 
iltjanii {»0l«^i@ft «o€a;iEii«i« irtalnly thr^i^h guiptmr idtli a 
vttcy w«^ Mwy iiitttrafttlaii* 1llt« vi^atioii bmtA ciltt to V |f «€ 
in 1&« taiapXax i|^p*«rt «£ 4Mii ^ f l mC^ 
4o 
Tli« tbS**. fiititca &f tilt Dithto CHM^iiittt'^ oi bit 
•oU^Sf on a««t«Mif «alttti«iii iit Sm^M m& on ««tton« 9i«tft t t 
JMIOk. liitti tti« iKCiii^afi of [cp^Vfd^ ^^l^ 'H^l «^^ 
c«?«^ o^t»Kii in th® toiiil «t9t« f«v« hmwi slnil*»lin« tfivetira 
«i»itiEr«S on f iralii« in tli« a^tni* i»9frwi*994« 
T ^ mw&tfl ditlt&&«axli«iat« «cNi|>oiinii hxmmm g»vt a 
11^  Une Sii«6txiss in thm mli4p wmh 9 ipfetxiMS $ttig«$tt that 
t$!0 vms^ism mtxms ! !« niifficiintlf close to €«eli ottta? in 
tli« i«tU«t t^ iat«Kaet tigniflcantly* mnA tNttt pxot^mm « 
ipi6tn»i €tiai?i«t«id.i»i^ e i»f • <itoit« 
li^ fln t«i|ii9r«tki7« taitrlion wpmtxm of th« fli^iioeaxti«ia«t« 
wm9 ccMapotti of tli« figlit timm to bo ai^oetad f«o» «oii|iiin9 
of tilt olot^een ipln titot of th« ^% »ioi«*« (i«^A)« Avtrogt 
*9* voiuot «r«ro iliotit JU9t and avarao* *^* vaitiaa iaoitt 
StnJUOT^  «R» foiF oatii mm^mmi* Thcttt valuta liotte isnfiiy 
ai«nifi«ant dtiotalisatlmi of tut ais|i«ijrttf titttxon. Tlit 
*A* valiiat avt aaoAf tlit iontat vapovtai fo» anf vanadliaKXV) 
toaqMHaiid mA a»t tkmt tlia aama aa tlia vaiiit fov vanadtiaa 
(aialaonlttiitfitiiiolatt)^* otii«t i*2*iEtMyolatt of vwiadiMidV) 
tiava aiallav valttta* 
4 yj 
^ofislsttA Qi JMl lla««t eMh of tUft ttl^lit i»tt«l flUslMV 
tiy|iirflii« l%nm h9^m fuvt^^iv vplit into ifm mmp&mA» liy 
inttractioii i d ^ ^ « {i^iptati«iit « tM C ^ t X«^ ) l 9«t v*^^** 
i»«r« ilimit l « ^ t %^ about n^xJBS** « r ^ and P^ ^^ ^^  aiNHit 
42itirr^€n*^. tli« 9 vaitttt art fiff «6tiv«ly tii€i suma m tli9s« 
jci|M»rt«l fo» ir«it«kdtyi ctimikyl tlilc^tioi^bat6« and «litlilo|»ii{itpliatM» 
i n * tu^dijfccl •itteteon on v^nadlii^ a^ia i t feunil in « 
isoX@«ii«r o3^it«I C V'lr) Offitotiaift l»«l»rMii ^ t t wtJiihiir ^tm* of 
the #.tMlo«li«iatikt sad fnif tti« <lti^ilii|^ti0i|>tidt« «cm;>ii9c 
d i^r«et«tf toiwurifi tlitt iiiao^liujr^ alao* 
th% •*•««• i^«6tir« af ih t m^lmm i}i«(«y«i&p«iitii» 
iHinyl) vsfMicEiiniXXX)^ 
i t xmoM9im A lMK»«i ii«fid «iK>imi ^ 1 ^ %mm ( 2^0 «44tli Mii 
« «f«idL band! iitiHr Ii60<1 Q «NMr« t«fil«tlv«ly MtioiMi to tho 
^ MS « 1 and AM3 •* 2 tVMititioii ««i|^ittiv«iy. 
Tll« •»••»• ip«ets« of V0iP«Xl1FI^ (X« OOijit CH t^ H*Ft€N) 
•oMplwog'^ viogro ai»««i»i« at xm mA •1.96 in toiitono and 
pil^ividifi*. Vanadyl |H»xi»liyYin oomiilaRaa showatf i i t t l a 
tfijHiidanfta cMT j^ oak poaitiona on atHiatitttant VO(|Nic)TI»i» haa 
abaoxption paaka at 43» (a 4.r?icl0^) 949 (a 2*i7icl£^) ani 
967 we ( • SUTliJtt)'). Otiiw pata anbatittttaA vana^i cani^ iaKaa 
9anNi abaoxptlMi paika «iliieii mm* wWAm 4 na (42i M I paak) 09 
X nn of tba vainaa fov tha p»iM^ mmi^im and no iinaav 
5 
m{1MM^}tm iPUft) ha* 4l»iioi^tioil p««kt Hi 438 ( • 4»f9mm^ 
^nih h toittint iolittlofi of ttils mt^lm at tow t«np*» 
xstiiapt 9m% an tlstit Una i^tttteiM hmdng ^j^i^ C^%)«6»SMii 
and tliao * ^ ^ d * i^«»iiiatli»i of ihme llnm sltowii tb«t 
thesa tfat a fttrHiar ai^UtUfig* TNi ^mmA darivativa of ttia 
faitvth Una t&mm a ^atoxUi^ii t>f tli« ilna afeapa coxjra^ poin^  
diifig ti> an inti»iaity arat&» i»f 4t6t4 i^itli ^ a tii& oiit«i llnaa 
f iattitifis tha a^ gaa of ^@ ipa^tiwi* Tfeaaa ciutav M B ^ 
liactwa m^mmt on mmUnn^^m of tiia f i f ^ d«idvatiira 
aiiaetxiiii m^ah on maf^m tUMatioii thoifa stxu«tiair« aoatra** 
poMin§ to Ml inta^altf «atle #f JLt4t6i4ii indiaatifig 
IntaKaiitlMi batwaan oiM alaetvon on ttia vana^tai aai t^a 
foitv acfuivalant pxot^ia of tHa t«ia iBalliyl.iiia gawm** 
A toliiana aolntiofi of C^C(^^i^4^)2 ( ^ ' l *^ *<^*" 
taai^avatuM 9mMi an aiflit iiiia a«a«x» apaatiiM haviof 
^ a © 
*4i oflT antf 9 | ^ w JU 9^0* £»«iiiiatlofi of aaali of 
tliast iifiaa aHnwail tlm^ tliara waa ftevtliaar n^Uttliit. Tlia 
aaaofi4 4aiiivatlva of tiia fomr^ Liiia titwrns* i i4t6i4t i 
atniatwf« aoAfaaalfis ^ a t fowr aimivalaRt lurotaiia fiaca tlia 
two maUiqflaRa ipnupis m9 intwaatifii niitii tHa o<lt aiaatvMi 
..J 
5.-
ofi th« vaniilltii* Photon li^«rfiii« ipXlttlfii i« 9>^«»t«t 
htaf than vAUh [yEtji^l^)^] «*>*• to 9r««t«r <S«li»«alitaU<ifi 
of th« iiiip«l»«iA cXictaroii on to tli« ttlii«tli)fi&ilir3ii«tliyl«ii# 
Uf«nit* 
in * «»s«3r. ^fietxji &f tho «@f^ itK«s of oxovaiiadiaiClV)^ 
lid til s«yLII hmm liav« btttii simox4&A in dilxittt chiffixefoxei 
«>j.titloii«t «M«li isciiililt «l#it lifi« ^p«6t»« C '^Hf, x» 7/^) 
« d ^ 9^« h^^ tvnx i»Mi iKV«ffa9* ^ i v f i n * ii|iilttlii9«U) 
asottml i^ Yi g^t;i« TM «•&««• ^tetx* of l^t i»i:^l«x«i «r« 
tuiieai of tlidst of i33gatti«aUy^ <lil]iit« Qm^m90imiiy) 
In t&t 1* s«i)* of imRad l^(2'*'l iQn In patt^mimt to 
txihydarqiifi •«liiiit% 4 dlf f ir«it 9«tt«iit of <ilff «rifit 
in t in t l t lM «»• Qlititir«it Tti« t«t«ir« idLfiial conaittid of « 
no* of ovivlippins anpiia* ili|i«Mi«Kt 8 Uno h|^«NFIii« 
fi«tt«Kiit •Mil pm^m^i hff ioiit ioeatoi at « •petiftt s&t*. 
THoto ••l&iio i^«tt«iM» jpotiiit idtfc « ^V (X«7A1 nt«l«ic» 
Tiio *«* an4 *A* tmmmw mm ntmlf md.»lly tyn« Tti* ^Mi 
boni in K N^CSfO I^ji tak«t tli* lli»«t^l.«ii of tlio XoAfOtt 
E«l»»iU ttudica af »ain#l. loii«^^ dopad in f tnrooltttfit 
t«i«(sa««otifHi) ««i4;liM «lilorld« singl* «vy«t«lt w«ro iniiift. 
b^. 
TiM atoo» tm^maitmit tfiaetara itidiU«t« font foapi^UcaUy 
im«qiiiv«iiRt ««iBi»itiii* « M ^ l>i«(»8s« •#dv«ltnt aiofifi tilit 
ei t t t« l l09X^i f^« «»«•• ^^« ^OXt* of 2 of tll«»« «0JB»«filOIMt 
to 2 QmO hoM iH^ratUdfitf tiigsiMitiits aiilistitatloiiAi titm 
«it^iifl i«« imm t^« i^ i»«i^  Midi dfiticai aii«»iK|pMofi tf«t« 
n i^ilth Jiii«lic«t« %H9 im#i«K to %• itiilUt mm9p>t fow «Ktv«&«ly 
lop vaiitt fo« t^A . tii« t{|iiiir«i«it viti«i«|f «t xow 
t«^<«atii»« inat «t U#iidkfii.t«»9«B %mmm&imi^ 
us«£i» $^di«s^^ »«»• {iad« on t)i« sinf l« «zyttAi« 
0f t t i t C^cti:^«tbyX|iyxi^li{ii|^«tt^4«| m«^«slMi p«««lild«at« 
<Ji»piil ^ ^ ttia f»av»a9aatlc Vl^ *^** ixm at 29& im4 7DC* TIMI 
fiitfttva m9 mhmBemtmiwtA bf a ii^aiiaJi aiMl pmtj^mt^imlmf a«t 
of Iq^acflat Ufiaa tttaaUy mm for tSit VC3?^  
iowaKlfii of ^ a f jy^  vaiiia mA immmmim§ i»f tlia |^^ |^  valiia la 
attvilNitait ta t^a axtifiiaaiy i«»Ri6 iiaftjiii*il«aiidl Ixm^ag, 
Tiia a.a*«« upaetva Df vanaidiiMi teniiiaiiaa vd^Pil)*^!.^ 
itm\ mi V(a«aa)^lM|iTHr)^ «clilbi%ai 0 iinaa at f«i*9«» 
iltta^  to tilt aoni^ iiAs of tilt aia«t»»ii idtfo ^%il«f/St} laittiaiia* 
Iha vCoiiil)Cl2ClHP)2 9«va fi» «•«•»« iipaatva in aoMit&aii JMk)% 
and 9«va only iMmadanai tinraaolva^ Him apattva. 
U <.j 
with jHdjf ««rtaifity li«tiut« tj^aetrt tf«r« foirthtr C£iai|>liis«tM 
bf tii« t« i l c»f « tliMf* temBim h^asi fsctcnding mta th« 
idt l^ l t £igii«Ei.laiMlt in th«r yiti!ii« r«^0ii air* t»«lt«r r«s@JLviii 
in tli«t« ^ofii^ iaittiitt ifit@i|ijrt%«tli»ii at tli« it|»^t3r« irimMii* 
diffi«iiit« I t i« iik«ly tlmt ii{m« of the fiv« van«diiin 
4 oj^ital* xmtM dugniiirat* sifi«« tli« mB^l9tmlm sy^mntiy i t 
p»»balliy (M|^ GZ Jumm mA tm^ th« i^tsiliility of iemi 
i t i t Uktiy tli*t at i t t t t tli»«« d«Ml tvtntitioiit 9€mm 
for t U ^ t ditiiloi^tfiligtt momi^kmmit tiioii^i tlortt v i t ib i t 
btndt w«r« tt i i i oniy in tfet ««t« «if [cp^Vifknl^}] \j^^] • 
Til* totodt <ili««iv«i atttv iiioa oT^ in tinrtt of tiit «tt4^itii*t 
tvt v«ry wtikf «liiit tluit t t ilKKfo m^^ fov on* of ^ M wtt 
litjrtiy 0immtAl9 owifif to l ^ t ta i i of « thaty* tvtittf« 
5: 
b^ttOi Ji9«lfi «itiii4iii9 into iyi«ll»I« x^^m» otti«v itmiB 
rtmt^*& fo» tfit!^M»«3ili«iikt# and {i}^ l^}@t« are t^^ ha^ in 
ifitflft«ity mi mm^ to li« aaythifig but <li«K9«»t3?«nsf «r in 
liaire li««fi m«i3«iiyiii» Thft «l«et3rQfil« ^ectruX 4atd of 
V0Cl2«Sr^ in !iyirl^fi% m«thanol« ^^tofiLtxiXc attd ili«tiloio» 
m6^ iaii«2 mmm fat»«i« Xf» t U tti« ^ivinti^ a bt&s€ b^iA &» 
Coi»Mi in th '^ ^ i lb i i i £#^aii «4tli iiaiditA xiufitiiflf fxim i3i%r< 
to l*t.n „ - i ace»«.l»9 t» th . , « * » . «f th . «,W««t u . « . 
the iistiii?« of tli« iMUd »«idi!ii ^fijctti thiit at ii^»t to^ ^ande 
m9 ist^mla^^ In tMt srogiofi* In p^xiMnw aM u^i^m^X 
mj|.veftt« ^ « Q!^ a«nr9il l)i»idlt ^ t at Xmtm musgf xwg^^n %hm 
tliat« fi;AiiMl in ae«tofilt9rii« and di«liloxcm«ttiafitt« Ho ^^ 
t»«n«itiQii l^ aiisl i« (3^si»v«d in piy»i<iin« iciliittioa attcff «fttin(| 
thwHiy tH«t til* #mir«n«^ iiMC£V^ ) «oiapliiimi^ d«9eM{i&»«i in 
PftMinm iMitte i«ii«««|i«it oniilation to v«(iadliin(Vl st«t«. 
The iiitar««ioi«t i|icctara of l^o S«tiiff b«s« ism i t« 
•onpliit idtii onovanaaiiitixy)^ Bhsm tJift •«»• li«naii. Bands 
m9 to d«tf tcantitioAt of ^M» is«t«i ions ar* «9«sk«d l>y 
«lMtxonl« trantitioii of t)i« i igmi. 
b-l 
pxmmm9 of mmmB 9ltHMmat« ion fvon pH 2*9 %» p»{ 14 i s 
tsiiidfiWM at 940 1MB eoinr«tipofi^ ii9 to tht iHi.<»lit «i>iittloii^tlio«« 
^t 4m mA TOil m fSoxart^ jps^ iMlini ta ^ t gtsftn •elutloiti* 
fur til* «tt «if ipt«tff«* fti«t« t6«& %mA% M9 ktmm to umlttgci 
a l»«itlio«h«ci«kic slitft a» « mm&mt$»mmm mi emmlm^tUmu tt&wmm^ 
tlilt iia«« not «it«r tli« eontitttiiiii 1^«t thu tpictrji r«iwXt 
fcti^ Ml •ojiiiUlirliaH betisrtifi tma omvmwUmi^Vi) ^ ijmamUtt 
CQf9|liiKM* 
Th« «lietSOIll« ^«ttKft of ^ # OIK»¥M)«dllM I^V) 
«iei|iltir^ antf ttm lt%miA intfiillliif o^toliililiMi tisv* tittit 
if»«»t fiKiKa th* tgiii«iie«i intiiisltiti in th* mmplmm* Vm 
¥iallii« ipiotxini of omv i^s^ UUMdV) ««^pl«K «IMI ti« iiit<»» 
pr«t«l in t«efit nf C^^  •yaavtary liy attvitoiiting tli« pxoalii«it 
b4Hii «t 9Xi m to tilt <^w*^W*^^ transitiofi and tii« othm 
at 990 ntt in tli« foxm of « ftNauIilnr to tli« <W<^ ||9Lw^ 
tir«R«itJUii* III* i^ is«g«»tar*R*f «r Hani in tli* wmiL<m 9an>»aS0m 
«pp*t]diii •• « t« l i 0f yi|^ ittt«fi«ity i« ««6i|^ii to 0*<^(^ 
•«vU«r 3r«fM>xfiti valnti!^ 
TlHi tt»ir« a|i«»t3r« of ttm i»i>Jlitlieii» of dlaikyi 
(XHBy«4€|»«fit«ddLif!yi) viui^ tiMiCXV) «ois|iitii«tf^ Mivm t$M,lm 
um^inmm to t j^ t t ^tiv^td tut «»tli«t L^ i^^) ] ^s&^lmm 
tt^ n f^if Cgy «yi:m«ti?y, fyi^l««l of tittft tt»#itK«i loc* tht 4>^ 
ts&mkiSm§ at U i^ ) , IdlSfi anil Wm mt^ immH im 
Ivipyl txhiiiit tm ^M 9iimwpilim maidUia In ili«iuu>2!»^«tiiaii« at 
«ir«iiiid IS^ loa M^ If^rn « i r \ witii a thoul^iv at astmrni 
2if^m Mtt^ Th«fi« 9f^mtgB m* tAi^lm ta ^K>i4i of tii« pli«ii»l 
Adduett In a mti4 antf «»« ty|il«al on«t f<»r o^taHidral 
ondVimaittaiiiCXV! <^»|piiix«it« TIMI tm bm$ poftitiiiiit «3r« almott 
eoftatant torn thm9 em^lmm lMl^4tLn§ tm eimtxofOM • f f fet 
niMfi a itil|»l«»idUil^ i ^ anf ciftitxoii pa$x lioiKar} i t 
«fihi«i to • tolMtlim #f ViDiatae)^ ^ ^ iKiii»#ao»iiiiatiiii tDiVintt 
tuo tfftm of «liaiitft o«i»i3r in ttit idtilil« mA nea» I«ft»i^«etv«« 
S|i«iifi««liy tii« iii«oi^an6« «t ioa IM <iM»«aaM • • tli« 
t»antf at «80 an i t thif tidi to lon§m wayaiangtUt i d ^ th* 
•KMt v«ltt« of Xf^ mi lioing tfip«iii«nt on bath tiio natiuro wnA 
tontmtvstloii of th« 4MI9«« 
in samsf €^m:4ints^%m ^^ mmmt^mUt^ wol^mtsmA ttit 
f isst liAfid «M«li 1« «i«l9ii«l to the ^ ( (^y ) * ^ i^*i^^^9^) 
tr«iitlti<»ii In $«K}^ t 8iii8itlir« to tli« flatter t of aoXvfvitt* 
Mf. ^ Jjt 
tli« i>2*** t Isana at VDC«««t1«} i« Qhnmntm at M*7or' «ii * but 
i t stilft«(l tx9 12^0 wt^ on liga^on ndtH ptysidint* Tli« 
wf^mtmm of VD(«fiji«)2^i'^^*^*^<^^ ^^ fpite tli« s « « at 
tHat of Wii«a«)2 ^ ^ * sl»Qitlil«ff pKmt at ilmttt IS^fT tnT^ 
t^tii an ifia?tt$iag « M I I I I I of it^^{>^<^i'^^«^'^^® ^* aiidti to 
t i l t tolutiim. :*tieh a t|>a€ttrai l>ehavJk>tiip i t eofitii t i n t witli 
th t cofiftlitticm diitalitti i n tt it l«a, study. 
T!i« ^iQXfitiQfi iptetra af VDltfi^)^* ^i t f^l^^)^^^ 
afid ¥QC% f»i}2 (^ »^tR«} tftvt <^taifit^ It i ^«lii<MNm«ttiaii«» 
Jtitt at in t i l t t a t t af VDCatatl^ ^^^ f i««t Itand of \^{ t f i« )2 
at Ml^ Sf) ttT^ i t t l^f t td t& t i l t li»iiisr wavt itngtii aiiia on 
iifatioA of ^ t iilt«i»9«i liatt» TiMt tht f i x t t band i t 
obatwti at iS9in« i$li(l« and MJHO tcT^ fox tha i^jridiiit/Cana 
(^«ni«Mitiii»<|iiinoiiAt adAitttc i r t^st t ivt ly . On ttit othat liand 
tMi f i»at iHaaai^titn laaailnHM of VO(t fat)^!^^^*) i t satositi 
at i2t«S0 «i*^« Tilt t i i f l i t l y iaf9tv xatf t h i f t on ti lt f i v t t 
bami tofttliiK wkik t l i t laf9«r tfttvtttt in V(v«0) fdglit 
a i t^ t t t tliat i«JKV|iiianantiurol.int at t t at a l i t t i t atsoni^r 
«.J «-> 
itiii4«iit«tt li9«ni in ci»»VCi{t t»$)^ m m&i^m^ «dth 
pyaridint and fia|»litlii3i|yiiiic»itn««» 
Th. «.«. «pMte. .< t h . ««9Jl«M of MmMm^ « » • 
eitaiii»«i in soiutiofi in ^t idji&i« j;«iic»i Ifewi 37S»an^ iks. 
fii« vaniMlliw «^ iia|it«9tM stym^ fmly wttk sbmxpitkon in t\m 
visibl* x«gi(Ni and t)i«r« ^m nat iQifiaiar to l>« ^ly 
idioiiaifity in %h« aptetva of Ti «nft Or €fMi|il«iitt«« 
mmrnjOGm 
2 , K* t* ^ a ^ e k f 3Ss« oNmioal •liotAtQ nn& tlmix ooi^ poitii4Ui» 
Olirta^to 1(^9^)^ Ionian* l952tP«605«Sf @l8»2l*62>-2(« 
t$92 Ci967}* 
a , 109 (X%7) . 
e« ^« J . iaiamiiAir aiM H«B« Qraart ^ , ^.CliMiuSoo. 2St^^<^U968). 
7« S« HMria ftiia T«Ifeii»t Biai•{%««,a»e* i^Mmif 42(I)i 192 (19i9)« 
8« V« n Orifftm, 0»7«9!MnMr« J« C%iitt, ai«,(A), 698 (1970). 
10« H« (l» BMttIt aliA D. aiiftu>ll«» %Ut 1204 (1971). 
U , R, »&•« ana »• ftiHAift* mmm.mtt» 104» 1709 (1911) • 
12« I« S« l«»a«Qart 7*]i«Xblkariit, HAT. B OIMUIU |6»120>ao (1971) 
C.A. 7«1- 395l9r, 
CO 
i5« X>* it, mtttftf C *^P*a«BfttP t^ ^* XioilAii Ohmi* sue, ^ , 
SOOM iS t 593 (t91St)« 
! $ • Z»* P« Bo^ UBsre* 7« ¥« S » l ^ , /lig|« ;r» 0!sin« 2!* 2921 (1972). 
16* fi. Ikiidi % tTiHillmf lt*$h&aki» n«KJtt%07&a}il finA S«Cl«oo» 
BiiU«ahjB»« Boe. ^paft J2i 2492 (1912)* 
Vfm K# Bigr* :«K,Cliiitt«ar|it anl S,H:»S«II> J,2iidlAii OI)en,3oi}» 
1(3) 161^69 (1973>« 
X8, A, 6iym»aXt S» ixMun Otum, soe, |J^ « 363*9 (1973) • 
19* i:** Bftjowi^* 2!,KiiinmQiliat K« l^ltdf B« kttsmw»k$ S^tmtg, 
miol. dttn. j { t £»B9 (1974)^ 
20, A, 9« OaMOTf J«R»Sli£)^(»rayt <^ «i«t* •^Cti^ M* £{# TS'MS (1974). 
21, ?• Oaldffraegiit CI, fSftOliiiiiittif a,fiorii»» J .AIR, ObtB.Soe. 
^ i 9t99<-« (1974). 
22, S* mmtlm» f.OoU, J«Qr«piB, iwt, mm, J | t ^7*42 (1974), 
23* 0* BiM«bl« A* Zwo, lt,Sl«t», Bttll,CSM8, SDO, ^Taptllf 
4 | t 5041-4 (1974). 
24. R. a. Hiattwiharya, J.Znilttii (lii«,Soci, ^ t 652-3 (1974), 
2€« H* GrItrlMt lt,RtSJli«rA» S^ E'^ tter ttftmih^ mff^s^ (%•»• Ort. 
€b«m 90 S(9-4)» 21SN5 (1979)* 
ST* <^« A* Sviikliit B* ll,%renoin<it Xi«B«£iiritetttW« ^ . Iiiorg4Eliis, 
20(9)« l2i6JB (1979)• 
2e« ir»fl»j3k»ra»3tiit ?»Sr««imiit Cmrma^ SolttaB«»j||»420»l(I979)« 
29« e«ti#F»Ef^ bpuEtt Hate^4f ^jsmmat^ insitm ^« Ch^i, |2«G6«i(1979) 
Cfeep* I»tt# H , 399-404 (1979) • 
2390-7 (1979) • 
9SK* X. 3?iR«q«i.liiit A«3tarr«tt»Hlli» anA C*?l«ria»i» #« Oh«i«SBO» 
mm.tk^w8m* |J2» 994-9 (1979)« 
93, •• ?• m»9m6m ani A^A.aoliilit mr« MI1JBI« m . | | » 19<^7(1976). 
94« T* PE^ Aii BffiPiik aa» anA T«f»ScrrMit J* 3]i»rf • AIM1« fSbmm. jg|» 
1179-80(1976) • 
99. tf« A. ]Pa|aart B«i:,Bni1»l»lcirt A^CBerMiatlif Qatrmkt SttiMM, 
4g, a M 6 (1976)« 
9f« w, !7« noUrt H* BMM mift {iir») Y« Astamf * ZjiilMi ^. 
msml$ U t n!}6-9 (1976) • 
a i f t CbMi* H i t 7»-04 (1976) * 
g . n^m (1977). 
43* s» f • H« Sigvl aai H j^iliHiAf AiitR aiiilitmi Mm^mAm 
mUaHMiPvmi- ma»apimL^^ lltmm$ 2 | t X99«99 (1977)* 
44* P, ?• 3N«iuromf •* A« Mr«]jiMl!Vrt T«A«8l»roTf B«I«3Qe9toTf 
49« A, %MMa.« K, S, Kia«t i . mt^ mtmU Si$ 19»'^2 (1977)* 
4i» A* r^wM&f i« s« x«l«« onrsMit Sei*att«» J|» 298*4(1977)• 
47* I)* K* Rft«to«li P,0» Iteoteiirii JP« Iki^f* l|tet«<3Mi« ^ t 
151-33 (X977) • 
vm.im$ ^«Or«u»«tt« Cli9»« |j^» 211*18 (1977)* 
Ems. 2» I649«8 (1977) • 
90, A, A» mmm^»^^mt v^yji^mtmrw ^^ oorA* IHIJI* j t I888«9l <1977). 
707-8 a977>» 
^»^* ®^^t S2£» ^^^''^ i^^** ^^ '^^ ^^  (1977)* 
59* A* 13»tiftfi«» ^ftlniSt ^* ^ » QBitt* J2» 956»6 (1977). 
54* A* 5sffmil$ Vm V« ObetiiftiGsarf l!paa«ltioii W$t» Ottts, f i217»^(1977) 
$5* a, ^mm^ S^QmWmxm^ D^«0«s«iiQrt i?.!!«Si»p#iii aM ^ • I^^UMT* 
^« caiin. Soe* IiAltoii Srans* j^ t $7-41 (1978)« 
Soe, i^&w&ny 211 2025«9 (1.916) • 
$7« f* ltiol««raaoA» R»w«Xr«&U<^  jr* Hftgn, R^MH, JJt 8fi9*«91(l97S) 
$$• B« K. (3raff«« A,P«2a9Pi ^» Xaorf* llttiil* (Sum^^, 699«4l.(197i)« 
99* X« tm!h9§ 7«Si]BMBttrftf a*K;affftpw!iif J , Ziitrg* Wml* OlMm. 
JJ, 60WI (197S). 
69* !•• D, P»ttitt J«.^ H*SMMiibt 4r«Cbiw«aoo, natoa Snuas* ^MH40 
i#« C^* i^ « BBtrtUTt ^«?»iia9pirtf <?« A» K» anmirdt ;r* Otkem. a»o* 
33B|tott fipaas. J» 794*40 (1918) • 
S6« S«* S* ^aiiffir» iDorg, C|»in«f ]Jt I99^«as <i91B)» 
67* A* Sirsanlt 0|irr«fil Sii«iot« JJy B9"»63l (1978}* 
$8* C» L* d'alat B* C« 3K«fti»t E» E« a»j|^ «llt CHPTtm SeitlKItt J2t 
?««-? a9w. 
3 ^ ^-t l £ i t ^^^ (1918) • 
70, R« B« Bkir£t«i<l» ^« Oroaa^Mit* C3iM* |2Sf 92l«44 (1918)* 
71* T» K* SAf^ vUJMftt B* 0, opMwmt ir*?*^ ]rcdt»iRiit f •S.XelMutioT* 
2Eb* i t i r f . lliiB,» | | » 4MI Cl9B)» 
79* T« T« z«l«]il«»»v» Ram, ^« tmts* (Stam* \t 670(1962) • 
74, a,0*C«rUtfl«t B«A*C!rtt«i^ il!l«l« ttiift m»n.milaBl^%$ J* tSbrn^ 
a9o« mitttA Slrom. | f« 1705 U975>« 
7S« Jr« a»lMii» caiMi« 8«<r« (Q, 1$? (1965)* 
76. B, F« Wmm^ S* CUMB, £i»Q« soo5 (1999)* 
77* !!%« iisBrs 3?efl sfaelra of ^i^eje ai»l9tispl« !qf Jt^^MlUx^f 
m^mm^ t^aaoiiy U td« 199ilff« 119* iAi}«iiit«« m«o,fBmiiKr 
Sfte, 9* 125 (1950) • B« i^tyoDS anA lA<i€»ec»Mttf imll* aoo, 
Otitt* (ftm3e»}t 10$ (1952)« 
7a. tr. K, B«t«ll» A X f ^* B^« aitn* JQt 998 (1955). 
79. 7. «• iTftlli, J . CJHta. m^^ Q^ 500*1 (191S)» 
eo» s, o« sa^ajpMisrayiiit i^sssigriiiit 0*a,s»8trjr» ^•C3li«a»£tisr», 
Jg* 5129-4 (197»)# 
81, T« 0, KriiiiMt J, m i , mn»U Sg, 99*402 (1978). 
82, I , s , abr»ietr« s, liewl«» T, 8, KsUDBomi* 0«rr««i Soi«80«» 
J{» 125 (1975), 
85, li« K 0M»«, J ^ , HBiitit aftt %J&^mmdMbmA9 Jr.Xiwfg, 
»iol, tana, J|» %% (1972), 

Ulift •sdatiAg obtiAeal Utcratnre atjOttiito with tb« 
worlc on exovaaadittB (Xf)oos^l«x«»» R«o«ntljr i t s eon l^Axev 
witb »^70lo|i«iit&di«iiyl io&i ao«t7l^etois» aod plwnoX t^ 
p^ia^l loiiio aitroxidt raOlemis't iMS«t7lae«toiie and 
tetraaUgrl ealplioxidt^t triflisirotMSttylaeotont and ftosi* 
hetaroeyUo OJnliiM t^ soUlff liwit» •"•®t W^^Efii^f mslmmiSm^t 
J 9 Itt 3I< aM oattotartaErle aDiA^ t^ aimtlyrl allfari*^* di%»toii» 
ana tutratiard^ofiraii^'i £>|Tidyl. ttil08«Bioarbgmlde«^ oltflas^^t 
Imire been jir^pnred aoi. isnbjeottd %e tart oar aM stagtntio 
wmimxrmmnt etii<3i««, Ceiq^etiftasiw »tiifii«s on oxov&naaiiiiii (S) 
oe^plcKM ffith thoearotioal. <3aio«laliic»ii» MMim wm-s^^^ Tim 
prtMiil Qtmptmf dialB wltli tb« prtparatlon of ttrnnty four 
nm eoqpliKts with twenty tuo ooMff bM««t trlttlsarUni 
t«tr«Mnt floiA o^teUdiiw mid timir i^iaraisttriiatlon bjr CI^IMIIIAI 
analjMiSt MtXting pointtf eolAort aoUor oondootanBMi, msjaeUo 
8uaoi^ tLl9it;li.«3r» «3yiet3*9a s^ia rtsonttSMf •loetroiiie aod infsr* 
r«A ft^torytioB qptelra mnA tbunnfttfraviattrie RIMITMS. 
c. 
Beasiaiat (RftanaUf OtrMXQr}* pmphsngUm&iBmUm^ trUttqrUat** 
tttTMRiiitf «aU«ylal4ilqri9f aalmtdttlQr^ iAf •tlQFljiiitdlanlM 
(Rl«dtl» Qarmuasr)$ o«>dtaiil«iiiJift» l^^fprepaaeaiaalatf farfiir* 
Iiy4« (B«B*E.»Xiiaia)t o-^oUd&nit pHUMll«jl«iidml»ti)«al4»tigr4t 
{E» Heroic)* aettsrlnotttoiM (B»P«H.Iiial£(r} AAA vanilliA ^Biiili 
BoalE»t AU«iit tr,i:.) «8rt tsoid, &X$. oolite mam r«erj»tttlU«td anA 
l»>oiar9S«iiiAi«&iii»i ana »tlyUiMiAt.aintitt wvptt dist i lUd bafera ti««« 
AtME^r^ (4.24«R) ana aaliii (2.I6 fip) woa^ e diaeol'V«A 
in bttnoaiMi aad atlxrad fur 2 lioiira* aM aoalad wlitii larovti 
oryataHa vara obtaiiivd, vliialivcra raeriratalMa«d I^OB 
o)]L|araf)Bra« 
SaUejlaitfalqrte (4*9 m) < ^ it^^apaMKiaoliia (1.48 gpi) iA 
i«tliaa»lia aelatlfm wra atlrreA far 1/2 faair wten a dark 




TbHu m0 o1»tiilii0A &• erytlal* %jr rtfliixiiig •ftUojrlAlAtl^te 
(2*5 pi) aoft tritttqrl«aftt*tra«Sji» Cl«46 m) i^ •ttrnnol* Sli» 
irodnot WBM reoryslaWtwiA £tom teiii«iift» 
UltiillUA (6 gn) and •ttgrUwdiaialiM (1«2 SRI) talcoa 
im ntliaaet nert siijaiA aM •tlrraft £m Bhomt 2 | iNiurs &aA ttm 
remlllia (9 0i) fUfiA IsrittlqrIeisetatarMiliit (1.46 get) taktn 
in tittmmXf «er« rofItuctA for 2 hammt th9 mhxtien was eonoa* 
nlratsA ana Of»i?ted vbta a yvllovlali firytlatUm aaas i»aa o^taiatA. 
* StXmJoSSuUmmmmmSmnWmiSm * 
maaiHm (3«2 pi) aM iraaliUa (6 pi) ««r« takan ia tlia 
aaletr ratio of 1:2 ia aatlHUBM»l» stlrroA and rofluxoA aa a 
wator iMtli for 9S^wt ono liotir« IStm aolatioii «aa oeaeoiilratoA 
aaA liaft far oooUas wliott a jolloir srooisitato aovoratoA« whleli 
waa roor3nita1.UaoA fios 1MHO«OBO» 
GO 
YiMBilUiii (6 gK) and UMmmlUm (4 !•) wmt9 AitmlmA 
in h^mmm aad y«f luxtA tm mbmit | | tears, ste •olatioa warn 
eoiio«atr«t«4 audi a fittUm ir«oipitatt wis obtftlmA on oooUac 
t)ie 80lLtttion> wMOh was raerjctaXUwA in elitorofora, 
pm)giimx0%»miiiKB%m C1«08 0B) in et)]ijiol was aa^ aA ta 
<vaii&IUii {3 m) talcan ia t]» aana aolvant anA tha wliela aalatioa 
«a« refluaead l^ ar atent tw» teara* :i3ae aolatioii «aa canenitrataA 
vttmn a jrallov praeli^itata vaa al>taiiiad» irtiioh vaa raosryatalUatd 
£rott ol)loi*ofaB9« 
S» aaiaaiatolgrAt (9*74 ffi) ia natteaol. ivas addaA att^laaa* 
^imAm HmZ m} itlatad in atlliaaol it^VKimt vith oeaalaat 
atisnriag asA tlia «tjctira vaa atlwaA far ataat ana toaar vliaa 
yelXaar orjvtala wtr« aa9erataA« whioliai a raaryatalliaed tmm 
ahlarativrB, 
ikalaalAiliarAa (2«74 m) «AA l^^ptpptjmAi$asim (o«74 fa) 
t- < 
i n •tlJuool ipere gtizr^d figsr lOiOBt 1 ^ liesr, tat* dark jrtlloir 
AaimX^s^dlt (2,74 ^ f^t& tieii^ dJUM Cl*B4 ^ } were 
Mfitoliwa la etMnol and fiHSrreft jtor 1 tioor wti^ a a ^Xlov 
|!ir«oipitat0 nac ot^laiotftt ti^oh wan ^^er^stalXised tsim 
13* Bi?{fyrfffrt^ft>^^> ^»il4lffi t 
fnrfhralddlsgrA* (1.92 ^ ) mud yixmliMxm (X*84 sn) 
alx«d iB •tbsBoX «Bd rsfXaxftA for eliot&t X hour when derlt ^OWA 
sr^eiy^ltmt* was olitaijwd «hlohv*8 r««r7«t«XXia»A in b»iifci»« 
Xt5<^rQpeiieai«Bin0 («74 0B) in «tt»ii»X was aOdltd arop«is« 
to cm ttlbafioXlo MXntion of 4*-eliXorob€i]iBaXAKl?gNli (2.8 ipi) Mit 
th» nlactur* warn •lixr«& for About t bam vfatii %li» mHit 
Uam Wit o^lAiatd ia tin ii^« of n 4rak ftXlow i««ol|itat»t 
whieh w» rowytlalUatd in b«iiBO»t« 
Xt wfttt s^ e^ aroA as a te^ from aftolytaootoat (4*0 ^B) Aoa 
u* il«(yifty|ffffff) p»piioBarif^ itfirtis»: 
BtliaiioUe ooletioito of oootariaootoai (4«0 pi) $M p»phBS9t9B^ 
6itmim (2«t6 m) ««ro refluxoa anA tlit pt^tmt voerarotalUooa 
Aliolqrte (6 ffi) Alia MBlttt <l,9 0it) «ir« iPofluxoA i a 
•o^haait for I. li»«r« fbt irtdto |r«ol|il1(ato tisao otitoiatfl «aa 
rooryatalUott l)roa ^nooai as i^ilaiag «M.to orjrolala. 
AlAoDjria (9 i i ) M A Iwaiiaiao (1*84 tfi) ««ro aoytratoly 
AiooolwA ia aotliaati and Ibi «ixt»«ro rofliaoA for l/Z h»m 
ooolta ftaft turn dirk ^llow jr^oipiliiattt ebtaioBa was rMxyst^lUMa 
*^ *^ ,ffBw«iiSfniii'iiiBi!sTirWBlrMi * 
4Xd«l)9r^  (6 pi) am tmim (2*16 sv) ir«r# 3Ptflf»«d in 
tfttmmt tost 1/S tettr ftnA tlMi dirty %%mk ]^eolpitat« obtaintA 
was rcorjrstalliwid fSrom beattai, 
* j3MLK!wMaSI3SOiMW HWii™iilMHMiwJtSilft*MiJBM * 
Udtl^i* (€ #i) and ottiaa ($ ^ ) ^aaelfwd in attiafiol 
atpoaratoljr vara nixad and raflaxad aa a wktmt batb aiv «baal^ 
2 IHMB^IlF^iimiiiitiaa ma oaBMAlratad and 099UA atiaii jrallav 
arfatala 9t tlem aalUff baat wvr% olitaiatdt atdahirara raarya* 
•a*ulaid fUxvM oanaajBt* 
I J 
takwa in ttw mas» mVmt^ with ooafltBSl •tirriog* Slit nixtmrtt 
mm» v«nti»id for &!>Qiit V ^ t^ ourf ooaetiilratBd ftiiA l«tt to 
orarstalU(Mi« B«orj«tftlUs&tleii M S •tCoetod in teasoot* 
Bro9«ratloa of %1m oonB^ lmcoo 
Hi* ooi^1.»9« ffore pmporod I9gr sUrriag mmdjrloolpfeifctt 
and tlio Uaaad ia mttoiaiot i a ttt laolsr ra^Ui« !%• irooipitat* 
was atpffatiod tor ooatrl^tSKtloat tratifaod etnffal t iMs vltli tlia 
•aiwat and driad ia mm»* 
9m ooiq l^aaos attra aaalytad far ear%oa« tuydroftii^  luad 
aitrofMi a% ttui iBioraaaUjrUaall dlviaioa of ^da Atpcrtntat 
aiid at tha Qieaistrjr smp t^maat of Caloatta traiwrii^« 
Slia aoUr aaaaeotaa»ao of tht tmufitaxm wmf atftovrad 
i a dlcstferifomanida at 10* 'M dilatioa aita a Tliiliya ooadM* 
t iv i t r tr idft aodoi IR«9900 ooias a U9 ty9« oaadaatintr —ll» 
^~1 
Tb» mwim%%i» 8&»oo9tlt>iUtie» wort mmwt ti* Owqr 
!»Mi tiMBWipiulii of teb« <io^ ^U»Mi ivere ttOccxi &t a,n«B« 
timfer8ltj« ikvitier« on m mmtXkjt •9<n a^t«6 iieiMr«fl«r4litg 
iofttrtmiat ijetvien aaMoat and ^0^0 at a baatisc vfttt of 
T» tjt^ em^ttm of tiMi UftuBio and notol eoMpUsoo «oro 
taisoii m £Br ptmoo botvoea 4000 anA 290 ffli**^ on anrUa HSMT 
XBfoa rod opootvojpiiotoattov aodol 621* »t tbo OlMHBiotrar SB9artHtBt» 
Boorkoe tmiirir8S.lQrt Roorlcoo* 
ado olootrofi&o ofootra of XS c^ iaploxoft ii«ro roooriod on 
m 2 s^ootro|lwto»itor, 
flio o«ff»r* ifootra of ootitt oonplioioo ooro talEoa at 
^3I0« XIf« MMrao, 
RoMilto and l&ioitooloft 
Xoo olOMttlal analjooo for oorlioAt tordrofta and nitrofiB 
inlioato ttet a l l tlio UfModo iatMraot oltli toso^ in tbo aolor 
mtOAh, itttirtuitft ifi tbe mtaat i^tit of 821. (UptiiAiwtAl), 
lim mhst wtOiaotam^B of t^o8» mmAim»m in Ainitlia^ 
etiiaitiiraHt oanitBt of V^IE I»BII toon teas on mnAwstiwitf 
mm&»mmiB^m in. tliio oolwitl ooven^g stU. co^ ttsoii ol«otrot9rto 
tgrpoSf 9*^ tl3^^ ero maar UitimXtim in ftlui iiidonrotatioa 
of ^i& in m}iaB oases* i^ftso Aiffieitltito orioo oMofljr f!ro« 
tlui atroiic doatr oopaoitgr of 2111 ntiieli loain to tlM tfioplaoonoiil 
of AAionie ItiMtfo emA tbtto ofauiliis olootroljno tjryo. Sho boot 
oioai&o probftblr oro tHo ooi^toxoo of IB3F ito»lf with o tmAm 
of loaMMiiiAo aitratoo « flioo» ooMploxoOf fsraolatoA oo 
Uu(]Mr)^(»>^)i| ooro mm»nimtlng in a&troMtlMUMi tut tmM m 
ooatfootoBOo otrroapoBOiaK to i U oiootroljrt* in I19, Xt ooo 
proioMA tlM^ t oat aitrato irony oao diiplaeoa tv « fortlMr 
aoUeiilo of W fliliig tiMi oonintting 0900I00 as |Xfl(llir)j(X>j)2l 
VOy Stat aaaloint* HISO ooapiOKoi^ t^ XB(nt30)^(BDj). ioniooA 
io mf ao 112 oiootroUtto giYiiig tko ooniaotitts ifooioo 
ao Ml>iS0)^<IKf)2(»)3)](t»5)2* i t 10*' K oottMBtratioA 
/ v j 
wtof y«9ort«4 to raufi isrott tO t» 90 olai^'' M? M U * ^ * 
OtdMT mrt rwvjeit mlit«i ff»r HOHMOOC I^AX iaU9 iaoXb^A 
88 OtflT^ 01? mVT^ t«r (iBjj)^^ at 10*' X ooiiooii«ratloii« 
for Co^>^H?l «t 10*^ a ^ oojioitt^nlioii. Ih© rnngo f«r i;i. 
oljsotrolytos tiad v^lously Mott ^uotta in olsT^ ea^ onlt*^ 
as 70-90^, 60-«0^'t tD-«0**, SS^TT^t 55-60^ aafi 85 flo^ttwrd*^''. 
on tlie 1>a«i« of ttioso roporto tlMt ra^gi ooons to t>o 5^ «90 la a l l 
oaoos in this ool.imttl* 1 ^ Usa ftIeo^!^1yt09» tho raxipo ttit«go«toA 
in ote'*^ oa^ Mle*^ aro 5 U<V150^, V^%^m^*^ ana 140-170^ 
At t(rhi eooooa^fttien, tn tin oaoo of t!to ooc t^oKes iioerittod 
ttoro oiljr tli i HaCiw]4lUtt)fMUUini«iditiio^ 0Qisypl» and tlio 
t»ia(p<«*ila»tli|riAiPiiioteaoal4«l)9r4o)9»9li»iQrUB^^ eoiRploae 
liKfa iwlor eoaftxetaiiooa of 62*7 aaA 78*90 9ta^ e^ oelo*^ 
mWah, aro atevo tiio Ttmm for noo-ioUietrolirtooo, AU. of tlitio 
ooi^ plozoo aro ^erlmpo oocMilootroljrtoo liat ooao «ro ^oosibljr 
Ottlj^to oat am iBoroaoiag lAio mlar ooaioetajwo. 
iSri^igrlaaototriialao m\mmu iaportast liaa&s at 9980(b) 
riusges 0f 5S>00»?300| !»S0CK3500» 16$0»1990, 16£»0^ 1950* t22CK1020» 
nBsy X410 caT* aa* 1WBMI1»1I|''' saw rang»« «f 3500,3350-5510, 
1640*1560, 900*^50, 1580-U90 aai 1230-1030 CwT^  fear R H^, 
V R « I B « , « ifi^, ft H^ oai V OH ifitr&tidiMi 7«9p«etiw3jr, 
^ « vftua^l imlj^tft wmlmt of tMii Usiuni sliows tlmtm vltratioiia 
at 3400Ct»),(:jt]^ ABA Vm^)* i6lO(s)(6 HHg, $ »H») and 
U6^(8)(V Oij)» iliit abiftlns of liatt^  tlia HB^  a»a KB tmi^ aii 
jibs l«r, 8peo^?e» of tlio eoi^l^e shova a etrofig a^nft at STSeaT^  
wiHeli BBsr bo %o to ? «* O otretolHiig* 3lt« ? » 0 otrotcMBf 
froftioaoor l>ae varloailjr l)oea roportoa at 607, 797, 995, 964^^ 
aaft at 1040^^* 3iiieo tho aolor eonliiotaiioo i s ottSjr 5«9 ota*'' 
01^ solo*'', tlio oali^ tiRto iDsot 1M ooordiaatod, %^o oooraiootod 
sulpliato la {pfKflRm)^m^ » tiumtt liania'^ at 970(tt),436(a) t 
lo5a-^i044(o), 117»lU3(a), 645(o), 604(e) eaT^, mm triottin«M* 
totraMiiM coaipl« of tanafiirl flalidiato eliooo ^vOs ono iNUii 
at 700(o) MT^ wMoli ia aliooiit in tlio Ufaoift anA whiob aigr h9 
Aao to oeort&jmtoA oaXyiiato. Zho olBfldo oator aolooalo proaoat 
ooons to bo ooorAlmtoA as i t Oltovo op i to appesraaoo at 950 OB *^« 
Ace No. 
l)(r Oftor&imtloA to tin nBtal, SbiB \m»AB olisarftotevistio «t 
<»60S*ai!a&tea imtd? ^^  «re atiii HMT 79$ os**^  in il&(^)g)2^0« 
star 875 mT^ iA (^Si^ .SB^^t und nosr 10X2 «iiA 965 o**^ 
i n H:i^(iix)g(Ij|0)2]«5^* Acc«r4Uig to 3«rt«ri AHA eenovlnrs'' 
tlMi roeldiigt «»Si;L»S ^ ^ fantoO. oaiaripm fttratcliiBS vitfffttioMi 
a$$>^r ti% 900t 768 Raft 675 coT^* Urns «i» f&ni4|l«ii1i9lBLt» 
^ i^ l tx of lri«tliarltti>i>tttriiiBii!ui t@ itipiA oooraiJi&ted ultli eiw 
Qf tli» peeitioiift yming oeoi^ed lir tiMi d9iil»l9 t>oBA»a oxar«>B« 
at 5400(w>, 55eo(«), 5540{w)< VS^>, I600(n».)( 6 B ^ ) | 
I5t0(tt)t 1S90(«) eaTH^ 0S)» iilii«li er« «liift«ft te 55G0(«)t 
1560<«)» maA l570(ir.««), 1290(«} OM*^  ott eoiq?a«Xfttio& vitli 
WSQ^ inUmttm of tlii <io«r«lf«tioa w$.th ti»tli titt Mtroftit 
ftto««« Vtm i«r« tiptotro #f tiMt ee^plise alw uliews teafls ot 
815(n0.)» 715(a) Md 1650(a) wT^ olHoli aro 8ii« to T» 0 
•trotoltlagf oooraimtoA aalji^to aaA lattioo vattr ooUoiAo 
roofootifoljr* 2li« eotq^ liax io ttaas ioar «ooraimtoA« 
Ttm i»ir« apootrmt of Ho(iMtaaaXdo)igrdo) o-itioagrloao* 
m.midm OHovB ImaAo at 5240(o)(V]»^), l€60(no«) (^Q»e aai 
Vo» lOt I610(m) (ring vlUratioiis)* I500(s) (fiSBg)* eii& 
1920(T«8»}, 1290(») (^0*H) ««*'• whieh sr* •htft«a t» lownr 
£3f«QaMK^  «ii ooer<limtloit t l« , 9400(b)» 1640(8) # I9?0(ai), 
1470(v«8«)« I320(s)» and 1240(A) C^ m.9jaitfins thi§ 
oo«r41mtioti tlxrottiili t1» ism iiitro8i& ateas, Slie imMt4ia»» 
djqra^ A baiiA apptsrs at 890(n) mT*'* %• baaAs 0a« to wlphata 
earn mt tra8«a1it« anA %tm aipdaP^no* «t tint Iffoaa l»and at 3400 OB 
sigAlfiaB ttta |r«Miie» of miiMeooi^ Alaataa wattr plus tin HB^  
«1a?«toiiifM( vi^ation. 33MB bi8(lMiii8al4ol«rA»)o«»Si»flarX«nBAiaal»i 
i s t)iaeAta|» ana t«» oolftouUs eoordSiiata with ttw iBttal ion. 
fliflrefore imnali.ti]R $.n tTalm ooaples i» atx edordimta, 
Xh« UflsaA M«(8aUq7lalMlijrA»)«lt3k9r8pL»»diaslat ihowa 
a tm }iaM9 whloli liava Daan aaslgBeA ^ s , 1990(8) »(V 0 • 0 • 
^ 0 • S), I505(v.8.) (ring iri%ratioii8)f 1450(n«.) ("^0-0 of 
pbtnollo 0H)» lj»5(n8*) (ptMaolio OH in pXano boaAiag) aaA 
i220€«rW*'^ (V0»]l)* 9u>88 appoaor at I600(8)» X$40(e)»U50(•••«)# 
127$(«) 8ni i2C0(») mT"^ ro^poetiviljr. ftm oUiBSiital analjrsoa 
mtam tlio aonlottiaatiott of piiojioUo lqrAro3qrlg0?»ttP8 uliifiii aor 
iMi t^Xto po88iH8 in a aott-aqoMttS mlf%9^» Vbm irootiMo of 
plioiioUe OB iA pUat btailBg aaA tbo aoa^ohif ting of tiao do 
8 u 
etrttohlAg vilaratioit in ttm mmgilmt eXm point out Ho tb« 
mm fftet* Tbmi tJm oocordiiiatioa of mumdloM (ZV) willli 
«ia3y two miro^iie of tlm U||aii4 i s p08ail>l«» SIso ? « 0 
siret«Miig tmqmmf U«o at 0DO oaT'tT.o*) atiA tlio ooor^iaottA 
^ISliato tiumn nt^oorptioii at 45!^ (ift)t 60c(if«o,) aM Uli){8i)eir^, 
flio ooiapliexo i® timo tam ^uordHiftto^ 
mt iJioC gaUi«rlftl«ol3arii) trittlsrlonotote'iattHio UsfuaA 
Bhtmm A haem imlMr of tooiiaa, aoiw Imm Doon aor igmfi • • t 
3460(l»)(d<lS^» X640(T«««) C V O « 0 piiio IP 0 « ^ « 1620(11) 
(ring tfilB*fttioi«i)t t!^(]s)C6 M)« 147!D{o)tCVOiiO of silioiioUo 
OH group)» t51^{») ( in pteam tmmSlns of ptxonoUo OB ff^np) 
oaA l27ioC8)(^0»^* Slio VOO of slioaolio OH iroop J^iA tlw 
in plftjMT ixifiAing of pbtfiiolie oH ipronp irtio«ili&tlo obiuriffi on 
ooordination onA opposr at HSO(o) anft 1.300(a) es*'^  tet tlio 
ailSt -^  0 • 0 4>-)?c » »^ $m anA 0»ll oliov oluuiiioo in inftoasttr 
OBd fre^oon^r (uoA oppoar nt 9440(b)« ii60(«)i I540(o)»1295(«)o«r^« 
flm i M f t in dM itt not aorleoA* I t thorofoaro appooro ttett 
ooortfiiiitiott vitli ttM too Mtreion atoM («H « C) ooetro* ]l» 
IMUUI ftpposro irhioli any t»o aeoisaoA to ooorAlnatoA wator« flio 
««tor aolooolo in tlio ooaplmc any bo lattioo ivator« H M 
8 
!l%is oonpUx t]Mr«rflfr« liat v&im4&iiB (Xf) as fbor eoertlnfttod, 
flii UgftiiA M»(maiXUB) #tli9r1LeM41aaiiit at>aor^ E; at 
mtmeitt ffqommfn eat of iriiieli misa era 1660» 1600 (••«•)• 
(VOC aMVCNlOt l520Cv,».)(rms vllJratloii»)pUt5<v.a.) 
( V 0 ^ af phanoUo OH grottp)i l^^(s) (in plana IwiiAliig ef 
OH «r«ap)9 l220{B)i^Q^}^) BM 114G(v«8.)(C«aUphatl(M>»C-«||9^at^o 
0tb«r} vMali on ooaiplaxatloii apptadi at 1660(lr)t 16O0(s}«lSlO(T«a«)t 
1480(m), 1330<1>), aad at UJOCs) OBT^ Sba 1220(s) m*^ vlteatioa 
of 0»K aioappaara. It aooma coorOljiiatlon oootrs at tbe two nltraflBni 
of tbo UgRaA aM tm ptieiiDlio OE sroupa retaela Intaet, flm 
atlMT oaOTflBn alsot as Bo»alt ramaina unaffeotad. ISa* vaaadtam 
aiarfia tP%%n9wiof liaa at 840(«) on^ and tha ooordlaatad 
wApliato Msr 1»* a1>a»rMAK at 780(w)Qiir^ » As tte Ugaad itotlf 
has tso Iqrdroxan «^eps» It i s diffioalt to asalgii ai|^ -tend for 
lattioo or ooordAaatod watir* 
flio UgfioA %ils(vaallUii) trie^lsiiototraQliii shows a 
malbm of hands Us* 2900(h)» 1690(a)» 1580(8)» 1509(s)* 1450(s)t 
I9l0(s), 1925(h asd « ) , 1270(8)« 1155(s)» 1115(v»s.), 102Mir«s«) 
8$$(s)» 820(ns«), 770(«), 740(s)t 715(B) , 675(B) , 665(o), and 
600(») otf*^ . silt IfiSO wT^ «ayt»<Uit%»0«OwidC» » strtlu 
eltlJBg Tlttratlom« Slit •tarc»»g l»ftiiA at 15dO mT^ i t Ae* t» 
iir»aiitJUi ring HtvattioiiA moA msy tmm ISIMMI imatriMfttIk 
th§ me3t m l»tiiA&ag vllraUoii irtLlci& i« «zp9ot«& to mppmat 
at i$80»14ao enT'' oM i s noatljf l^itrrtA %ir mtemtno X3B0 ewT^ 
InaoP'^ tim 1,270 lasT^ ^mM i« ana to tte in PIAIW btndiiif 
«f tlM» pbBiiolie gronpt 11^ 9^  <»» ®B« to 0««roaatio«o«c<«Ut>lifttiOt 
Ul$ esT^ an® to VcvH ana tl» 600 caT^ «ta« to o«t of plant 
OH iMnaiiig, On ooorAimtioa tliaot iKHaratioaa oeenr at 16S0Co)t 
i6l0(n»«)* i3i0(w) and U40(»} ^SBTK nfcto ts&tffmmy d»t to 
0»S ol^ potoliing viliratioii ao«o not oeonr. 33M oat of jpXant m 
BIO ooorainatlen of 
tlio UiuiA ooetro tliroaali tlii fovr »&tro«oa atoso, Tim onlr 
vitratioa duo to oittiiiato io oioii at 9&0(«) and ^lat for 
T - 0 . t r t o h U . M . » . . t wot.) «.-«. » • 0<»vU« t . tta. 
ImxaeoordiBatod* 
Stoi i,v« ivootraa of Ui<taiAili»)lMiagidiiit liao band* 
at i(k>oCo) («iO to V 0*0 aBdVO»ii)f i980(a) (oromtie ring 
¥ita*atieni)t i44O(o)(V0<K) of pliaaoUo OH frosy}* i2S0(»)(iA «» 
9%tm UwOm •t ptMttiUd 0&)« U60(o} (0*aromtio<««*0«ali|kaUo 
8.J 
Tilini«ioii)» lltO(Bi)(Vo»l) ftBA 620(8> esT^ (out of pUm 
hBJsMng ef plwiiolio OS), on oois l^iaeiitioA tfmm appMor at 
1600(Mi)t 1590(n), 1520(n««)> 140C(1>)« 1920Ctt)i UTOCs}* 
UOO(]i)« and 6^(v,0») OS*** SN ireeeas* «f tb* OB Yltxrationi 
in tilt «p«etviin of ttm eo«p].«c Allows ^lat tint OH i^oups art 
intact t no&iofiii^a aisa tiiiBOorfliaat«$, Tim taaa^yl atrateliiof 
fir#f|!i«B«3r oomra at 8XO(T,S«) aaA th« ooerAlnattA aalpteta 
atMiwa a ««ak abssrptioii at 495 en *« Ttm ettwptMx ia .tbii8 fotr 
eooi^iimttd with t«a pealtioiia aaeo^td Ijgr tlia tiMi nitreisttt 
at0i90t aM mm eaeti tir misltata audi tho aouble tieiidad oxjrstn, 
eiidramiUii) e*dlJuB&ildliia ttbowa Ijaads at i630(a),l6l5(m) 
(^ 0»0 aBdT£i>»S), 1520(8) (ring v Hxratlona)* 1440(B)( V<K> «f 
pliaBoUa olOi 1290(tt)» (in plana tioitaiiig af i^aeUe (^|«1165(8) 
(0«i«iriimtia-«»e«aUliiiatie)« 1120(8)( VQ»10 a»A 620(B) ( avt ot 
plant teadliig of OH groap) whlMh mppmit at 16€O(K)» 1600(a), 
1520(B)* 1450(W)» 1270(w), U40(1>) aM 610(«| op^ rtspaotiiwljr. 
Qia praooaoa of aonaoovAlaatt* vatar ia wbtmn W a teead band 
at 5200 eK*^ » Bb baAda art traaoabla <IM: 1I«O atrotoliiag •!%!?»• 
tiea or oalpbata* Ibo oeaplax ia tatraeoardiaata witli tlia two 
aitroftA atoAs of tba U«iad8ttii8 salpliata aad tTa» doabla b o M i 
aiarfM ooordiaatlAg witli tanadia» (XV). 
8 . 
(earomtlo rlag Titaratioiui)* U92(ir«».){V 00 »f i^mUo 01^ # 
1290(8) (ia pt&nt twnaing of piMiiioUo <m)f U10(«)(<Maromtie«^ 
0«(aii;phatic)M90(«)(V0»l} atul 620Ce) on"*^  (out of pUm 
teMisg ftf iboaoUe OS) laMoli oa ooi^lexnUoxi apptar at l$80(»)t 
I5^(v««.) ino(w>, I3lO(«i)» U30(«)f i080(«) and 650(») «»*^ 
r«i^etif«l|'« l!to oooraiJifttoft aiApliata aaom& IUEI ati«or$flioii 
ftt $lc(v,«,) mT^ AHA tta« T « 0 tilraUoit eeoors at 620(y.s«} 
om ^ « flio UipaA tboa beliavos as a i]o&*>fiiBetlaiiitl aotooalt* 
Oeordimtioa at oaly ana &t iSm ^m mtrosta atone ia saaoibU* 
mmm mumdiiiji (XV) ia 9«eofar«taAt«« 
SiMi Ha(aalaRlitlirAi») atttyiofiodlanlaa iiiowa 0"0«- 0»S 
aaA Timg vltoratiaa at U2$(o) aM i99Q(v«a.) ea*^ aHiaH ara 
•hlftaa to X$UM aaA IS90(B) OM*^  oa oa^rlomtiea. Hba a^ior 
IMMMI at 1180(a) iMftito 1210(a) MT^ oa ooor«laotioa and tha 
V 0*8 aii»aariag at U$S(a) mT^ ihifta to X075(T*S*) oa*"^ , 
Hiooo 9oiat out tlio oaerttaatloa of ipaaMUian (Xt) wHHk tlw too 
aitrofia atoao* HM ooordlaatioa with tlia oaliliato aaft tlio 
attaotaftBont of dotiHo boaAoA oYTflMi aitb <«aaMa.ini (ZV) a&lDto 
h<J 
tm mux i«ii four oo«rfttaAt«« 9m mittr i»l»eiil« • •§ • • 
to lm a»»«eoo!rdliiftttA« 
mo(ftii£ioX4ilijdo)tlt>|ro9aaeMaRlJMi iribowo l^ C^ O •VOtS 
ftt I640(t,8») aaA U10(••«•)• i^ iag «i%rmtloiio at 1580(••••)• 
V (Maipiiftti(Mi«C««roiHiti« at imiw^m) fmi 1t!ii ^ O-H ftt 
limit) m&"^ wHioH obiJrt to UlO(m), t$lO(!i}, I.l40(t»} «»« 
llOSCa) mt*' oa eo^^Xoxatiea* ISie lattloo witor otiowo ojp at 
5440Ct»}« mm iRMmiitiB (IV) i t ttmo ooorAlmtoA to tbo tvio 
flitrosoa atono of tho li^ iUEidl* 3li» oulplMito isoot alio l>e oooz^ 
4iiKit«l tmt m abior^tioii ooalA t»e flifforoati^lwd for i t in 
ttm i«r« eiitotriai of tli» eonpUs* «>ii&l«rly m tmoA e&n bo ao^gntA 
to ^0 otret^iiJiS tv9qmmf, flan lamaiim i s fioixr eoorainatoA. 
Za tiio(afllflaltfiiHijr4t) iH@t^flrX«iiiAiaBfj»» tboVohO ana 
Vo«I appoor at 1640(B) tlio ring f&tratloao at lS89Cir.o,) t 
0«aUil»tio«o»<>eroaatie at imia) ami tbo VCMI at U45(T.a,) 
mt^.mm mte obiftoA to I990(o)» 1560Co)« U40(l>), a»A 
1040(w aoA b) 0.-^ oa ooorAiaatioa of tao UwmA wita o»omaa«ia. 
(ZV)» B^MI taaaAiWB oxnoa otrotdaag vltamtloa oaooro at 980(a) 
aaA ^10 baada at 620(T,O«) aad 4$o(o) M T ^ nogr l>o aoalgaoA 
to tao oooraiaatoA ooliiMito. GoorAtrntioa of waaiioa ( I f ) at 
Urn bieCaMi9td»l^it)1seiisidii» idicnrs V 0»C ana V 0»H« 
ring iii%rft«lon% aiiA V CKK at l62Q(0)t U10(v«8«)»l60t(«)» 
ll7c?(Y*8«){i»^ rai^Gtimiljri wiiieh on eoaiil«xatiott app««r at 
ISS^Cft), l€ooCv,«»), ana l l7o(n»«)o«^. tettlot imtw a1»80Tte 
at 34C0(t>) I tisa eaerdiiiatad aatl^ata fAiana a atdiuai iattseity 
t>m»A at 600 ^T^ afii m ttaaA «fiatd Im aaalgaaA to wiaaay!! groap* 
ata Hiatal. l» fmr e i>r<Uiiat«d in t!iia coaitex* 
Xn tisa i»r , aiwetrtia af Ma(i^f^aiaalgrA»)ti^aiiAln» tha 
1610(a), l$l!^ C(B)f U7oCw) ®M io70(w) mT^ tuen^ a tmf t>a aaaigaad 
ta V 0»c • V D»H, ring vllratloaat o»H aai » c*#-<v'^ vlliration 
li'tapaativaly, Ube eoapdioc liiova thaaa vltiratlone at l€20(ii), 
tSld(ir«a,)Al4d(a), loMm} mi^» Tim tmada af eoordlBiitad 
aadiluita aaaer at ^0(8) aiiA 440(a) a»"^, tha i^ io abgarba at 
980(>i) ott^ and tlia V«o alratohiBg aoeara at 910(a) OM^« ttia 
li9i»A aata aa a tatradantata «ataatila« H M vanadian ( I f ) ia 
till a a»«plaK ia alx eaerdimlad* 
XA l>ia( l^qJOiral^aiiatliihyda)!t>ir»paiadia«iiia tlw 
0»0 and 0»]l and ring HloratlaB mvgmar at ltlo(a)fl6lo(ili)f 
8V 
3li« B:b&9spUGm ^ tfa» e^m-dijmtti atilfliaist onanot ^ 
asidlPMMl. ^^ imimliloist (If) i« ^^ ooerAliiitf, 
flu la^ortaat \mw&» of M«Caoet7t«cw««ai)D«ii«iaiiit 
Qm**^  (6H i^i»rwiU»& of ilM l^1»l» iM^ sOftft earln&a In %bi hyft^ estA 
l»ottdiA ring), Xn HM isi»ii^ I«x tlii V 0*0 luaA V O»0 aiMI V o • 9 
i^Ni^ ft* l$0§(«) and I580(i) aiT^ r««pietlwljr» f!» OK ia 
B4>»aA*A Ting of tiio omt « » « ft99*3r« »t I3l3(tt)f miA m« 
608 at 855Ca) and 805 (•.»•) e«*^. 18»ii« lal iectt tU»t e or«&-
mIdUia of os«immaii«K <I^ mmtem ojitjr at tin t«^ tortiersr 
Mtrc»0m a&ofini auft ^lo rmaiMm mmUmUon lAimtt rmmiM 
mioooviioft ^b&B glviAf tNi aootylaoc^toai jport of tlit Ufoal 
o o%Miftt to wolntotn kollMKoX taiiKlo»irl«i» Ibo oooarfiiaatoi 
Mafiwto iftiovi o^iorptiotts mt 45c(») mid dSSCo) Ott*^ « 3iu» 
ibo f^ o<|iioiier l8 JM»t troo«o1»lt« Slui aotol io isotroooordlmtod* 
Thi iaporteat Iboado of MiCaootylaootoiio)-iKPboorlMOiioaliM 
So 
(O^Atf«raBitli>ii)t 127SK0)(O8 ill H IkifldtA ring in tim Mml 
f«rtt of tin UfiuiA) and 8$0(s)» d20(«) oiT'^ COB ^t«iKim%Uu 
of H^i 4»iiVl« b»iiaid earlM>ii in llw liyttrofta %»Mt4 vingy. 
In tilt oonpldx tiat Vo^o movMi to iil#«r DraQnenosr i»«,t90$(K)e»*\ 
«tie V CN0 ant! i 0»M 0» m% ffffiam aear fitiift luia apptior at l$7D(«) 
«i»**^ « 1 ^ atMN»ri»tioii Hot %» ^ 1s« 0imt imm of tiie U#uaft i.#* 
OH i a B«^Bi»d riikg $M OH Atf^rnattmi of tlift doutklo ^niitA 
oar^n ia t!io liyapogwii teadod riiigt 4o not appo^ in tlw i,r» 
fipeotmn of t ^ ooiiil)lox« !lli® attal. oooraimtoo onSjr vitJi tlio 
tuo oaorsBseii atone of tiio koto form of Vb» UpiaA anft tlio ouot 
fom i s wtibod iiMtjr in ^ a irapsgratioti of Uto eoatiaz, Oo»p1>«i»« 
«ie» i^Hi titm too aitrogsmoinattaiMioitiftjr io | e t poa t^iblo* flio 
i«3r« teaAa iliotf noiMioorAUaatloii of Hw tMo JtAtro«iii ato«o« 
fho IK) aipoare at 9iO(v) ott*^ Dnt tHa tamdo teo to «ii|liato 
oattBot bo fooMU 9lM BoaMsooraiaatoA w&tor olioorbo at 9410(¥,w«) 
Xa M»(p'*4iaottiyla«taot>oaoal4telayao>Xt y-zffitoyetmmMmtm^ 
%h$ V OPQ woAlfO^W^ ring iiitora«2tjt6ne|,Oi4ironstio«Vt 0«aUpliatio*^^ 
ff'^ f^ 1^ 0 tortiary sitrofoa of the pi-ii»itlit|taaiaot)aiiaol«tlB9«o 
part OBA tlio V 9»» appoar at U40(T*8«)« i609(v,o«)4560(n>i.)« 
Si) 
t22$(^#»«) and ll0O(v«8«) etT^^ Qmat mppmat at lfiOC<i)A€00(T,s«)t 
l980(T»«4f ft^ il80(«) «M*^, ftis infi&OfttMi flMit ocMirA&mtloA 
«f Hit fsfttal iom eooir* « l tiM tim ttrtiairf aitroitB Airnm imi 
net mt tti» propemtAiMiliM nitrogta 3t«os« SIIB <i«or4lsa^A aot^ifttt 
ldiow» IKiM&M St 60e(i0 aM 4lL0(b) «ft*^ siiA ^ t liittie« nattr 
upptATS iit 54f^ oCl»> «R*^ « Slif netttl. lim in time fo«r Qooraitaittt 
in tbi» eompljtac, 
2 ^ Uplift ^i«(94*^Uli3etb>'l£8sim1}€i^X^dl;^)l3«rtti4i»» 
AbeBi't-fil at eever??! fi.« t^tef!fii4i8 utit c«.f -hieh mw& imw ljt«tt 
ttSf^gEMfft* W» i> C^ e •^  V Oi% Ting ultirrticn*, 8«i«y«»ti<^ -lf» 
vila^utieti do«@ not ap^ i^ sr isi tibt flpi«!.tri8s of tfe« co«is^ l«3e 1»iit 
•tlMr* tiiov meSr fi»80)aeft ftt i64Q(m)f t€Oo<«)t 1550(ir«««)« 
1990(T«s,) aaA 1190(») en*'* vagmtivt^^ I t ••««• fl0cirMmtiea 
•oevrs tlrotti^ «siljr tw» t«rti«var wittttm^ mUewb of ^ut UpinA* 
1!tit fitrotloMi Atti to eoorMiKitofl «apl»t# &aft Ibo itrotoldLflf 
oftiiKiet INI tFnmt $m Him UjpaA i t M l f gbwrba in tlWMi jptgieiif, 
mm iftttioo VAtor tfbeim i te i^ rostmit et 940oC )^ o»*^» Hit 
(Nm^ liBR tiM mimAiwi (XY) ad t«tr«eeGr«init«4U 
Xft tlto i«r« mp99trtt» of bia{9*^«i»tte3rlfaiiii9lM»mi»14»lr<t«)« 
9^^luusa^mUj0ia$xmf ttit V 0*0 and ^^  O^lt ring HIWAtioBit 
aa«s not a»EHMfir* Olliini t^pmat at l.^0(n»«>t i920(«)ft980C»)* 
aaA U8Q(B) tni^^. Oai^aiiiatl^A m r^ lit^ 'Wt tis«refisr#9 oeo«rr«4 
at Hit two tflrtiarjr nltrogmft atoKtt* Bit latt iet vatir a^terlMi 
at 3400Cti)» tb« DhkO Dr«<|ti«i»3f adotaara at ^oCa) mA ttm eoovAimtaA 
sistvltata ^K»ii8 al»iorftiaiui at 6l0(m) and 440(ir amft ^) eiT^, fNi 
fwaadiwa (ZV) is tima fa«r ooorttuftta, 
Za ^^pmiii:mtShy%mimtmimt&i}i(^ tlia 
V OMC • V 0»Bt ring fitratlana 0«iaraBK«|a»l« OaUfiiatia -Vt 
aaa V oirai^ pieBr at I61d(tt)« I600<ip,a*)» t$mim)f l570(T.a.)» 
1239(t)t anA U80(n««)« XN 0»aU|Aiati<»»H diiapiMMira oa ooor* 
Aiaattaa wliiraaa tUMr iKmAa ai^ j^ aor at l$90(a)f t60o(T«a«)t 
t950(f»t«)9 1900(a)* aat 1190(a) mT^^ Hit l a t t l t t tattr t l iatr^ 
at 3400(1i)f ana tlit iMttit * M te tHdiliatt aaA faaalyl taa not 
1»t OiatliiCBliMA firtffi Ilia liaaAt t f tlit UiiaA* Xlw eliaaDtt t^ 
oteviliiatien of tbi Mtal I ta art at tbt tat t t r t larr a&trtftii 
attna tnflur. fliat tlit ttai^toi hat vaaaiios ( I f ) aa tttraatoriSaatt* 
V0"0 • V o*n« rittft 0Hn?M»li««4r« 0Mtli|lHiti»«4r« OowmmUc"^ 
<U%ti$tmMM una V CS Yibratlon* ttooir «% l(70(»)t l61.o(tt)«1990(«)f 
t»0(T. . . ) . m 5 ( « . . . ) . UWCn..) -B« U20(.) nm'\ lb. » « u , t a u » 
I560(n«*)f t3eo(v«««)f U80(e) itiiA tl30(A> <»r\ SUt i»r««9«etri0i 
Utows %tm% QdorltlJBaties ooeirs tlarec^i tU* ^m ttrtiarjr sltrefita 
ftt(»s»« {She lattiot wattr alyiwrlift a% 3320(^) and tl&t eoerAimt*4 
8tiliiliAt« Allows oiOjr « » YilrfttJU»ii ftt 440(w) ^ t tli« viiiMi4lt 
str«teMiig fir«Q.&«ae/ mxmt 1»tt 4iff^«3x6iftttft from tbi UmtA 
teoMUi at 3400(b) (UtUes imter}, 3000<b)» a080(n«*)il(00(nc*) 
( V OCt V 0»B)t t900(w) (riag «itratioMi)* t4«o(»),<6l^, 
1390(a), t330(ii)(ONurtwti»-40t U10(n»«)f970(n».)f7BO(v), 
670(v*w«)t I^0(T«««)( «»orAlii«t«d mlL9liat#)t tM 490(v«««)«iir^« 
Ibtra i« « t9(0lim iaiiaatioa Hia^  oo«r<tlJMtioii ooows llsr«a# 
t!i» fQ«ar zdltrispii atom «f tttst titMfli:^m$iittma%m ymtt^ 
i&tli 6uer<i»il84 «ttl9ii£{t« 9M tiMi ApSLbl* b^ oANl «x3rgtfi« , 
m^mmjm (lY) is tmesAOoraiiifttftt* 
Hi* tb«nwir«a» (••• ^ H « 1i«2) eoi»Pidbr»tt ioat of tlit 
e^aevfiitliifui eia4« on UMi ^ a l « of l.»i^ # ivoetara* Sho ollsijifttioii 
of m;%eT «t toapfsratiiroo ulioio lOO^ O fnaiOMtMi eeorOliKtoA 
watirr lusA ftt ti»|iirf»tiros ^ t o Ittliiw 10<^0 fjhovi tlio irooiiMNi 
of l&ttioo mtor« ISIS tollXloii ffitti !^to e^hmrm^lom tr&m i , r , 
•ptotml. Umm m All eaeo«« 
ZR Mo(iiaUe3^tAil%yio)lLf9«|ro90iioAiiuid^ eosi^ lox t«r« 
i^ pootro ilaew Goorilnntloii tlirotii^ tlio toe 8ltros@ft fttoMi onA 
not tlrotti^ tlio hjtiPmifl irooiKi* 9feo fSA. OIMIOO olloii»ition of 
oaUosrUIAirtirAo purt oarUor oai tfeAt of (Sffl^ )^  totor, JA 
Mo(ool.ieylKlii4iijAo) triotlrloiio totroKtao ooapl<» oeordiiatioii 
ooovro v&tli tlw two n&trofliii o%o«o (0»SiO) onA «ot oltli ttoo 
too ttl%no«raio of 0»aB»0 #!«opo «o i^ beoa I r tlM i»r« ^ootroi 
tooMI Oldfto* H M fCH otaeoo tlio trooldBg of triot^syionototroalBO 
ot loo to^porotoroo twrnooo of tiMi oftii-ooorAiiiRUoii of tXt tM 
fOlMT nitFOC»B OtOM of ttAs pOVt ^ H M UiMMi, 
«»• tlurmtlir ^ t t aii»M3.« mxA %M total 1.i|9ftM ! « • • ooomni 
ftt ftlMttt 3!H3^ 0 ofil7* 
«&te« 9T9 %1m two is^troi^s mfomt nf t}e»«14i»« &« <ltfiott<l t r 
tim i»r, e i ^ ^ a l Mnft ililfts* Tim lHam^rmwt&mta 09vre1>orftt« 
t!3i& 6^fi(rmt|0!i te tt^nattl tllMmt'i^ii #f film B.^tyUmtewm 
psort of tl!«! fflt»l«<ml« pt§m0»» t^% ot t1» l»ii!i^ eiJBt fert« 
«leotr«ii of fiMm<|liii||liAt«« Immt iBagMtle laomiBl* l»w tMMi» 
0%mrwA %gr OHIMT voriegro oi.io '^'^ '* '^* llm tmtat imXuoo Imw 
1io«A tacpUiatd ftrlottAr^ » M orHtal oostriftntloa i« omqptlotoljr 
ftt«iioli«ai« flMTO i« AttbifirroiaMpAlio ioiBiiaaao eeuyUm and 
tiMi pfimiifitl peth for fpla ooaplliig io fllreot ««it«l-4itlMa. 
itttoraotioa* A Aliflsl lomtriai any alea !w attrl^taft ta tha 
fttt Vftiiailiiitt (rv) i s n d^  lOretos t^t tli« oonpltiAi i»mei^A 
hmf% ooitlaiii viumaart loiiJi* In tim ootalitdrel. ooeq l^oxts «f 
mmd^ ion* gsniralijr distortion in s»ss &« tbs ftsiesl pssitiotts 
«3Ni usu^ay eo^ itplAA Iqr tht deuias lioiiAsA saoritiB anl a mlvsnl 
si»X«i»at« m tlae i»8« of tstragoaai ftistortioii ls&4lng to 
otouiatiofi of « ax&«t ^i^ tffmmlsef olsangBo j^m OH to D^H OBA 
42 
tte esmrir l^ ^ l^ &lft«r«Bi in ae follovro* 
OJt... / a 
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/ 
fff^aff og «4aqr '^* '^^  
iSio vaUtB of »^ 2 " ^ J *^ '^^  ^ ^ ^ *9***^  ^ (3l}o«9»l)» 
(lout « Bo* loi*) and (101% * 3m ^ %m) roopoetifoly. xn 
oaoo of olonsitloa tiloag tt» aaioo in tlw oqoatoriol iHaaOy 
tiM omrgr l«^ Pi9L diagrMi wiil ^ «3qr<dxa drM<di^ «f^ <ia^  » 
#lii&wt!i0]i i« wia» IQT «bt imtUkl. paammfmvBt tki$ HsmnA XM 
wliieti are r^l^ttt to IbmlittA ll^ari^iil OioreiMile B««Ilt»iiiftii 
as gifOA teXow t 
US • -» 7 23* 
DQ - Cera) B«( - cm<^2)«* 
iA jjUMm lim^ ti«3ia« i>'4^ a7ci gives tim 4toire® of t«triii»]»uiiar. 
la tbi «mm «f f«sla«t«rilnAt« tqpir* wtwalM. ovmftMXMp 
«iM HMT %MMI. yta&tlonn lagr tli» mmm fot^r Xi|pBik«» AT Aitf«r««l 
dOflfr4&i»Utti atoaa timdiiig % tt^ J^ a* diflortsioii* lisriiMui aoluiMM 
tiftv« lMt» pP9V9m«i tmt amhm mm^s» *^*^^^^ 
"i8|'" / • 
.<«MMM as^» «i 6xiif«iMN«]ii 
/^^W^^^ H^ / - • u m ^mj^ ^ 6l)|*'8Zii*S% 
\ ^^ ^^-.» •..» aawfdsrt • -4iV3*»**3* 
\ . Mr y 
iStoe V|^(^g •*«># ^2(^2 **^^ *"** "^ 5^ 2^ "*®l^  **• •^"^ ** 
ftft poidtidiis of tim itpaotr'^ 3. lm.M0 are infttofttivn of 
v«oe«<li& lA sMrtimnolL m}mt ttam to IIKI« a slas <»»(»7dimttt Cx^ h^ or 
0^T) otrisottiro vM«ti iff m i tin oafio in t ^ aoUd «t&to» j^Qit 
ooiV^ttx flol«o«dl.«tti iiii4irii oblige i n wfmag^ on aioaottttioft 
i n iifl|mflot« 
HI tlM oaoniiHiAittaL (IV) eooy^Ux of tiii(aie«tjrXaeotoiit)lioiioldinit 
tlua oleotronle opootTA oiipr s ooi&ir of p«a3c« at X2050« I492$t 
20»000 t 25$40 «M 35330 0 « * wblofa art Of -•l^aft •« *• V * 
BtuuislsiioAff og ^ 1^« anA obago traneifir banaa rottpootiviiljr 
algniffliig oetolioAriA oyMitrjr wilti totrojoml aiottortloa 
Ant to olofifl^tloa of ttio »«x&o. Hies oldior i>af£«iittr» ar« glvoft 
tUft i!i:i»Mi #1itali»i ISir fOSO «^^ |jO i^ tov « iMr«a»t for Hi mnA 
Mix&ai 1)»t«i0m Ite atlaiA <r- ^ i ^ UpM^n orMtolt* 9lroiiiigl 
^eMint iKietirs in ISm mm^Jim «itli lii«Ciko«t|tfte»ioiii)%«D8ltfljii 
mill ttm w^^sm^ i » tluit of l^ tCinxIw^dfttiap )^ Iy3»ir0pftntflimiiiii« 
M %>$>2>4>3>3 
la ^m ^ms^mt of f t t »# i l»it «itti o«1f#U4ltettifr» aort 
£9ir Han&i «$ 11315* 179^9 I^SIO msA 9933^  «f^ iidiK^ aigr ^ 
liprjM^iil (O Y^) ttnuitcrt of tiM ^mtfimmm* flm f«lii»t of tlio 
•lootronlo iptttana soi^ uNittro iiro givitt in toHo i,4<^)« 
nm WL0mp «til«t of S^ OQ ii*^ieiil»o oitlor «ook ^oaftlat ia 
of mxini i 0fme%9^ in mlAtioii to 4ii« pearsttittrt ; 
» j l > 2 3 > 4 > f 
SB 2 > 4 > t > 5 > 3 
m 5 > 5 > * > 2 > l . 
aaoagit tlui irnHjies^t mmMim Has a (Hiiii 2 of T/2 onA io 
e«pai|.o of oaM-bitia^ o i ^ t tyrytrfiao linos i a tte o«r ^potrwi. 
'Qm Ign^fiao eom l^iago »ro fory.lorpt to tlM totto of XOO gMioo. 
In atot of H M ooattoMo of muM^li wiilAto ttoro io looo ttan 
ooMo •yiiiiiti'y t^ Itoaoo iootro^io iiooiro oro rtorOljr oMfotaoA* 
HMvofor* A^^ iMlooo 00111M roiotoA to tiko oofooltr «f tte 
OrotMl of HMt OiKlAl 900lt iOA Of tllO OfBlOrO V f r t a i i a 00«9l«K00 
of W^' loao* flMi A|^ ^ ioorooooo oitli inoroooo in thi iMit&oilr 
of tiM orottM liooooao of mio gtm^m doleooliiotion of oifftlroA 
oioo«rttt,^ ik&g^  io oloo 4ilroo«l3r ir^otoA to 1^ 0 otrot^iiog 
1 1-* 
frmfrnmy, fl0 AterwiM in tlm mlm »f f timm Hit tvm 
ia«otr0tt $ mtWB (2*0025) is a 0Mid maiiirc ef tli» dAloeati* 
a«liQr^)l»9»|ropiMieaia]iiiat in i l l * «ftUfl 1« oei^«^t«ly iflt^oplo 
viti i g imlttt of t«9Kia ftnA tilt ifiiHi ef 4@0 ®eiti«t» Skit mat* 
t f attRr ttndnottjatt miA tUt !•¥« aptttra tiXNf fenmAitm (XT) 
to lit fotr oo«raimtt irll^ tiit i^trogia ttestt out t iA j^ t t 
maA ofit dtoHjT ^iiAtft OK^ t^a teotnyiM tlit foir pttltloat* fbt 
ioetroiio iptttran i t fotsilAt oaaMr i f an tsebeuBit of tut four 
ptttitioiit tan Im ttattruedto 1 ^ * as ttwrmii tmriroa&tat 
avottiid Hit vi&iKiiiiiB (ni l* Bm mam i t tlit eaat o£ tbi t^nyltx 
of Mt(p»aiattl)9ltMiii»^atttABl^t)j^liitiig^ Hit t t r 
fm t t r tptttrttt of Kim fO^ ooti^tK of Mt(tt«t]ft«ttttiit>« 
l^tntiAiiit ttittt t « t U dtfiat4 lisnporfiiit tpU ttioff i^tb t t 
rtoa %imsi&e%%m% mtA «t litsiA aitertisiA tMiptrtt«rt« Use tvtrMO 
f Ttlai t f 2.005 i t wvar nter to ttm ftm tXtotrot w le t . 9Ult 
matt i t oaloiiltttA fxom tint w^ik utinK tilt irt itt iotibif : 
%. •8 (8 
«li^« E| i« 1 ^ litfLA «^ t tilt Hia pd&m of ^w OMr ptak 
for tlMi eo«it«Xt |^ ttm i(ov«fm8o) for Hio OOK^IOS OBA I ^ OOA 
S|^  oro tltt g{of«ra«o} asA fiotd for UMI olMiiiBardf mjHioiv!!* 
9lera4 tiyftfoijri fSroo vadloia., Xii tlio oelitttropio qptetrw, tlio 
g(air«rafo)« oiii g or g i oaro eolotilfttod iirom tlio oir groyli 
II ^ 
oDA tlio roBoUslng mtoo gi t or gi igr tlio f»Uo«iiig twwOM i 
s iMto onloiaatloiio «ro mio for a>, A,, oM Aj^. 
< A > • V j ( 2 Ai • Aj I > 
Za Hio Oir ^lootnui of Mo (aeotjiteootoiio)teiiiiiaAiio« tSio 
volnoo oro • g| j • I343f gi • 2#035» <A> m 73.3, A| | • 100 ffdtioo 
And Ai • 60 f pDOO, BIO tMi%4 oitftli of Hio IMUIA io 1900 giooo, 
n,.U^^tU „ . « » » . ! » . . m . 1 « » t r , « « « . «>^. 
oMoli io o« OKrio«BO oilti ttio ol^ Oirmtioiio mdo on ^w lioido 
of i*i*» oai oolor eooAttStoaoo, lorluiso in Hko ooU« lottioo 
tbo mloeoloo ovrajigo m oeoh o oogr tlmt oaiootroylo ipeotroa 
«l«:i ax&o]. ionoaolrir (pc « gT » it * ^ go * f 11 ) 1* obtoUiod* 
lam mlttoo oolooiotoA for OHMT oooplOMo iro giiwa ia 
toHo l,9« tto Oir opootro tatto not INMHI oirj telpfidi io tlio 
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ju miG^Hjgp^}m^,n^ mmw dsmim) iHni*} MSftCtii) 
jfi4oCifi) j j ^ t i i l juijrtt) idiftC») JUK i^n) lafftHt) 
i3mit\ mmM ^wim) atMt) 96^ 1 w) f«^Cvw5w(w) 
tw)U) ai»t«1 4®ic«i) 39^ C«f) m^{^}» 
2» vu(c;^ii|l^2).sa^ 4igp ^r^fii) mh%m} iS^U) M9^vt) 
I4«^ivt| JJff^Cw) imrim) UmM irftM Wf^iit) 
37r^(ir) Si^itf) 9l»Cv«) f l ^ e ) 6oMvs)»t»(«) 43n(is) 
a. voCc^ij^^l^^ ,iy& 3*o 4^ii1 I .M^I») latcCiiS iSKciw) M9O(W) 
Mi^Cvi) M4o(w| Mf^si) i^ i^ Cml ismM i i^ lvt ) 
Aoaolsil 100 i^wj V^Ct») a :^Cy| atc^ Cw) Holw! T&r(vi} 
Tm^ CftJ «*t»ti1 «af4»5 ari«K 
4« VaC<i;|;^l<^2p2^^4 * ^ 344f (H) 3 l^i#i^ w) 2^^is) aplo(w) 
mmM im^{w9) mmi%) iM^it) MT^CVS) i4a^(v«) 
iiir)(n) iiar»Ci) luoCftt) mn{9) ms^Ht) 9«i(i») »^6r^ ia} 
V40Ci) 9mim) 8i>9|v«> ^>OiiNi| ?9f>{e*1 Wo(v«) TT lv t ) 
ta»(») f*(ia> ionivtl «mtia) m^in) 43»Ci»l 4in(i»5 
§• VOCCgf^ lai^ O^jiJSO^  .Hj^ 344^ (111 3J.mCb) tSStf^im) 1640(lt) 
ajftaa(ii) 1940(9) ida»(«f) is^mM i49o(t) MN)(») IM»(W) 
137»(vt) Uftoftli) l34n(i») i3on(ii) l ian(»| |^ * i ( t ) 9?oCt) 
11 
woim} mnimil 76^ 1«) mf^M fimM ^^M mnU) 
4mM moM 3S^Ct) 33^i*) mnU) 33SlCm) W^ia) 
aidift) mUm) ^ ynimh 
6* mic^n^^^hm^. li^p m^nM ^mw I7m(^) jm>M 
i^n{9\ B H ¥ « ) imrM m^M laantii) iir(«) 
i^W^U) l€tCs) 84^Cwl W^CIB) 6!rCwJ »9^«) 4tif^(li). 
T. w(fc;g5^ i3^ a^^ )iso^  aa^lH! ii^C«) l^inCvt) l»2«Cvi) 
MToimH i4S^|vw) JMIjyftCw) jm'^(w) ISirCw) X14^ Cia) 
imHm} mf^in} QTM f^^M taivw) rmim] WM 
8» mia^ii^u^^pm^ dm^W *^^:im) mib) xva i^wl 
XffMm) IfTM IT' f^twl l^^l^) asi^ f^ C^ ) ASSSHw) 
B<^|«f) ISIJinivi} M7^(8il) J^^(li) HJXt^im) JLUr(t) 
SItKirs) 4d9Cw1 38 (^l»ibiv) 
W VU(C3^MJJ^J^^):JO^ .HJP 32m(li) afinnCwl 2ar(«w) £711^ 1 vw) 
i7l0{«w} m^M 3^Hm) XM^in) mif^im) J4S0(w}J4iri»| 
laaDliJ ia7nCw> JUM (^ii) if#iCii) rwH»y «6^<ii) a»r(w) 
«fr>(i^ 61o{m5 ak!ie(vw) mCtf ) . 
JLD. voicjj^i^j^^)^)^ a^ TKicti) aneofiii lem^M n^ir^MnbinM 
JUMIoit} ia{|0(n) JjKrCvv) mmim) l4X0(«r1 I39n(w) l33r)Cv) 
a3ioCt) U3n(s) i r ^ l t ) 1?^C») 9^(trti) 8«n(«) aaoiirt) 
Wo<p} 640(tli) 63n(«) 6jlKvt) mn{9) anaCwi) 44Kia| 
ii; 
Ji6j0(s) ismim) isa^Ct) Mf^i^n) ismim) imHt) 
32HBI r tJKvt) Viaith) V«»(8| 82«^ (^t) 715(BI) 63S(V«) 
<>i>»(vt) t^^») 4ac?ivw) 4 SKw) ai^iw) 3»»(vir) 3 ^ U ) 
m^M ts^mM -^^riml 2?mH«r) asr"*{w)2a^ Hlw) 2A'Hm) 
m3Di&) mtr'M iSimW mmU) J4f*i(«) MJTCS) xm^M 
iHiaCw) 14oCl») VT»(a1 a4!iiw) T8 ls5 il.f C**) ^rCs) 
44"(li)* 
13. '^^ ^^2Ad *^Sp2^^^4 36*^i») 3S2n(w) 29^ill) SiWir^ Cli) 
ais^(ti) BSf^w) it3iw1 jurM*) la^^isj ia»Cirs> m&nM 
mmi^y m^Hn} lar^Cwl laarCs) ja4r*(iR) jiJ4^ Ci>) 1*^ 9 (wiii) 
l,n3nC«f) ^im) mim) ar<ir«) TS^Ci) 69'(w) 69n(») 
64clCt) ftflr>(v«) Si<Cvt) 45n(t) 37<i(w)* 
J4. ^^Si*%i^aP2^^4 *'¥^ 34^(li) a9^i(vw) 2»«a(l»a«r1 23r^(vir) 
l«90(fi) i6nr«(vs) min{m) J43<^(R) 141 (^w> 138iin) 134f»(w) 
isaoitl issoivt) UT^Hir«) lits4c>lKi) icofHw) 9«r4w) 84o(s) 
aioia) iooiw) daoit). 
!»« ^(%:^iil^i^2 ^ 4 1^630(8) I9»n(«f} idToCw) iMJKw) jy»iiD(v») 
M8r>(«) Ml^iia) |3&»(w) X330(&) iJM^lt) IPjrCfa) XoJlO(w) 
vic (^») 88o(w) aaoCw) aK^Cvt) raoiw) 640(0) 6in(t) 9(i»f^ (w) 
difiit) 440Ciii) 9^iw) 32c3(im), 
11 u 
IM' iel l6rt«1 IS*^»C%#? 1^:1 w) ISS^ Cti) 1.49.1®) 
imim] Ma^ Cs) jpvdCuf) I2:!r)(w) 12 f1w) iM^tta) 
UlfCti) l^rC©5 vrCia) V^w5 Ty^in^ ?6r|w) TS'^lw) 
6^ ^Cw) UU) 49nim) 34^1 w5 313CwK 
ItnsK*) l^^(»5 Jiar*(ia) l^fi»Cw) MVaivs) I46f^(ir»! 
AIT'^ Cvi) 131^^1 Um(v»1 Xfimim) I'^im) &Mu\ 
a^&lvt) t j . U1 6aa{«) s^Mv^l i^ r i^m! i^&Ctii &iiCv®) 
349 |«1 34rt¥»1 3»g|Ci«») ^j9'^im} ^j7nim) ^AHW) 
tsm-'iw) zmtim^ iv^ jiCw) IS'TUI IM^(«*^ BTCWI 
JKI^ C^ 5 Mi^ Cw) i3i§Cwl mri^) ux^M r^ih) 
i'Saiif) 1 If i»1 V^Cw) IK3 (^w) 8Mv»5 t3^C«1 ««»C©U 
M'HU) t$Wim} 2*#2riCii} 2?j4tCl>l i«»i»^ 4«) J^ftvs) 
msnim) jpniiini) Ji»io(s) jus^ie} xm*M im-^M 
srto(iii) srCs) T2« Ciirl mim) ^H&) as^ Cwl 4rCi»). 
31 n(ib) a^ritr) IMoira) JU&O^ s) I5^(ys) id^n(8i) 
I4^(w1 M4o(vs) i39<ivt) xa&^ih) a^'(») jjarCvw) 
if:m{h\ m^ih) ^3n(p)) ^in(ii) sarCva) 7 2 l « ) 5*9n(l^ ) 
l i 1-i 
3»no(ii) ij6Mv»i $&M9) mTis) iA^M imtiu) 
iamit^) imM xisnM xo4c(«f) vscis) umiwl 79n(a) 
mm{h) 2^m{vm) ife^is) iiimCvt) jysi-^vs) is»:rivw) 
MToCm) 143 Ci9) MHOis) JP# (a) I35*i(v83 U^'C«> AI3^ill5 
14^ Cb) v4 Cw) sacCwl »3 Cr4 ajir»(si f i r is5 6on(b) a« (^) 
Ur^ih) mf4cim) lt4'Hw) i6^1«5 lt>in(v«) lS»^{v«1 
l^y*t»l ISlHs) |4tSCim1 144"Cta! M^^(v»1 i3^(v«) la^-^Ctl 
l i s C«) iia'^ Cta) 1 4 ' i © l bWiM) *M*Hw1 a<?f*(w5 a ^ i s ) TMvm) 
73"Cs) 66nCfli) X&rdU) STi'iCw) 44^Ci*1. 
m* ^^^a4^3#6^^4 •%-* 
S'lf'^dil 3 ' C l^ 2 ^ Cvw) I6f^ f^ (*vs) IS f^^ (w) M66(wr 
1390<») 13SK ( B ) iUf^Cvsl "^T i^va) t8« Cw^  feTfivw) 61« Cvs) 
4^?iint)» 
lio 
u m,M^iJM^9mm4m « aas^iw »2* in) ^zfM m^»y i5&&(wi 
I M (vwl J4»divtl iaMm) ilil^M VSfoM Xl<)&it) X 9n(n) 
irmM vaaCli) 83<(li) il^Cfti) T^ i^ ) 64rCvt«) ai? (im) 4'»ivw) 
44' lb) 4ir}CwK 
2» UsIpili^ilS « 34 ' iwl 338^1fn! 334^(w) llS^^ ^Cw) i&tnCi») M r^^ C©) 
J4lJrt(vs) I36n(va) 43JI*I(L.) lar^Cw) laT i«h} 126^  (s) JU4&i»3 
i^ 6?4fc1 i^ aaCw) *i8^4ra) »S>(BI) S^ivs) 7?cH$) «»»|«s) liSTlm) 
<* ' iu) S7ri«1 »jyiCi.4) 43S(t»), 
3. ^4k«mil<4#«!4«I,sj!^^ 5 324^ C») ij&a l^ws) iftrita) 
i » l 4 i l l»*'iCii) l^^iCw) I4T Is) J46^iv®) M&'iifR) SS^im) 
12^^C9) 123nC«ll3 U*^r(u) IIS^^M Un^Ctf) rt^Cra) rS&Cw) 
ir^mliil *,8 tw) va(w) v^(w) 81 C«i) 7v^©) rmiu) T^im) 
"MSiivfi) 73^V6) 7rCv») mim) 66ri«) CO i^m) 6rC«#1 a6r(w5 
4. iiJuyLiftUy<ifJL4.i^ tf8yiitX* 
^aajll»aiAiidk«tol« « 344r?Cl») ^3Cw) SR/t* Iw) a*y4^ Ciii) a^2^lw) 
aWf^i«) aT#0(w) 26r^ Cw) |»M (^«r1 29^ I n ) mfim) A92^  (wl 
lainCw) la^Dtvw) XmCw) lT< i^ii»J IKr(w) i72r(w) l7'>o(ia) 
X6«Kw) i«4^(v») ll»l»Cw) laVtif) l&4(w) J ^ M w ) MT^Vt) 
M90(vt) l42nCia) la^nCi) Jtaftrid) I3»f(ve) 132 (») JL3^ »(«) 
X2i»(v«) JUMoCw) I2^ (« ) U9M«) U«»(8) llj6o(vt) il3r»(v«) 
l ^ ( i r « ) r^* (») i i 4 l f ) Xi2<Hvt) V8»(v9) V55(ra) V3^«)92f(m) 
890Cs) 88fj(Kj) 8Ta«) a6otv«) 8»^  (w) TT'Cw) tT^(t) TMKt) 
4«o(t) «4^(vt) 90ri«) d^(fi) 340(n) 4asKw) 4»l(«) 430iifw) 
4r(vw> 39*(vw) 33^vw) 3Xr(w). 
11.. o 
J » l j l l l i e K l j a i l 4 | l a ^ ^ 34«ri(li) ; ^ («r) 2Vt»( (!») ;SM' iw) 
|98'l(«r) I 8 ^ ( w ) m^M imi^M) 1 ^ (m) I5V< ( p i 
IM^^iw} iSmiCs) M T ^ U I JWanCm) l ^ i (m) 13&rCw) 
lamim) 431 Cw) i3Si^ivii) J2?(s5 13*^1^) i22n(«i) 
la^^Cw) U V l w ) lUt i^U) Xianisy l'4{m) k^f{$,\ 
i^min) VT'i%t) '^SfHist ^j>^im) ^:>^in) y^ f ' i » l 8 ^ (*»1 
Tt'Htal 7«»^is^ 74''ts1 ? F l ^ ) ttl^iisi) U^Ci?) tm{m) 
U'Hm) S!IVf1w1 &?»•*{w) 4iy>(b1 m^mt) 33SCw} ^ t i v w ) . 
r-^Cs) ZJ^i^) ^Mfin:) m^"M U^iv^) Uf-^'im) 
m-t^im) M^ C«h) Mfdlvtl 143^1^9) M '^^ Cw) xm in) 
UTCvs ) IJW^tvs) i J ^ C t f l l r 2 5 U ^ SitrCs) %2^{«1 
at^Us) Bmim) TS^in) T^iv) m^n) . 
7« OiaiUiiilUUUUlJU^^ 2ViK>ili) J^ST'ls) ids^vs) 
W)^{m) M3()i») JPTnis) 132&(i^b) I27r(s1 U ^ s ) 
i l l S l v i ) l ^ S i w i ) 8S5(»^ 82 l v t> T7f(*i> T 4 r i , ) t l M w ) 
6TJK8) 6<»»($li) 6 c c i t ) . 
8* l l l l(¥<m}^U4il)te«Hl,l l l f l i t 342QC)V) 3 3 4 O ( ^ ) 3 4f^(v«f) ISt^ (w) 
178^1 w) 17im(w) i t 3 r ( w ) Wfi^im) i69n(«f) | l 4 ^ ( w ) | 6 r o U ) 
aaa^Ci) J»no<i») MfoCw) 144<^(tl l a ' - t * ) i36r»(w) 
Ia8n(ia1 ia60<g) l2ao(») azotes) aftrCw) l i ^ ( » ) l l2r t (») 
i040{ i ) V80(w) 87nCi) 83^(8) T^U) 7»8(») 74o(w)72r»(if) 
690(») ij4A(w) 6an(t ) »»r>(b) aao(t) 35>0(tf) a^^r^ivw}. 
11^ 
'^. ajuuciwi^ujidtot<aiiii^ » 3^'^M ^a^cui 3fmM 
Wi^^im) ii63u(«) ii,m{^) is^MvQ) s^f^M iar?is5 i^Hn) 
MTniw) JW^Hw) M-r im) 139»^(»> J P ^ i s ) l?9^lm) 126r^(v$) 
laao( t ) U9t (w) U6SCi) JlJ4f^t«t U 2 C») r 3 Cvs) VSnCm) 
3T5C»i) a ^ i d l BTM Brim) B'^ia) WM TMM 7 ;^CW) 
7a9(vw) bfnim) ta* Cia) 5V^Hw) &5S{w) 44<Cl>). 
l4SS(w1 M7«(«) I432{vt) 1383(»} 129 '^C«) I26»CFO Jl:i*2rCvt) 
a V 2 U ) U T ( « ) l i3»Ht) 1 4 ' i v s ) V85(s) <^4»iw) 87»U) 
H ^ i s ) a3'(v»5 411^  (pi) 7 4 U t 1 i»7aCv«) y ^ ( a ) S85(«) M 3 { r } 
S ^ U I 4T^i») 4Tivm) 4 ^ ( f 9 ! 38^Cvw> 36'Ci») 33^{vw) 
aSf ( vw l . 
ll» i y j l L ^ i i l l i J I i J ^^ WMB} i^^fiv») m%1^b4m) 
J4^Cv t ) 13 im) i a v i s ) l273Hvt) Jl24f(ll) I I S i s ) U b ^ i s ) 
U 45(81) n o l t ) i^*»lHui) V ^ i w ) 8s»f(®) saUv**^ 7«»n(ia) nn in i ) 
^ r i c i ) &T?>(vs) &iMs5 44n(w} 3S&Cvw). 
^* iiJldiiiljiMfi&QeiltkJua^ ^mi^) s^ai^im) T^TU) 
amnion) 3S4o(vi) 26rt(wl 2a6«^<%r) ^air(w> :;r4nCia) i^ ^4o(n) 
IVOOdw) J8Tr>C*»5 itfertCvw) l i ao iw) Jl^4n(vt) l ib l 'Cvt ) iSSMvt) 
iaift(v«) i42»(s> ia r^ i t l isd^Ht) laxMs) I3N>(«) i28»sKvtl 
ll8M«a) U78Kv«) U ^ ' ( t ) |n8r(») r 3 ( « 5 1 2C'(v») i r i n ( » ) 
ir>no(ia) 97S(«) *i6a<ta) ^SKHS) 895(t) 84r(v3) 82^(v») 
T9»{w) rs/^M tarimy m^m) H^\n) 3?» (v«) 48r{w) . 
lio 
a^ i^&Cia) •Zi^'^i^] iB^M 28aci(\w1 rnt^M ^I ' l r^ i T4t^iv^) 
:M9 Is) ivsrHiv) IV^Ib} isa&Cv^ ) xi^M iovrCwl ii>4n(ai 
i&*'*'Hsh1 JbaMvs) JL!ai»''1vs) Mv^ivs} MB CsHj M4&U) 
143'Csi 14'*'Mvf1 X3^ais) l29Sivs) Jl23SHvs! l i a it) l i t ( s i 
IMSCvsl l-^i i ival r^^'-'Cvs) VwSis) vyCs'i a6t»iv«'» B3"(vi5) 
14. iiituiail&^asl^«itliyai^#ji«* y^Msl 3*3'ij.;1 av^ '-Hi-.'^  vw-i©) 
^S^^liw) 2''^ 4^ C^^ ^ iv4>'iw3 B'Hmt^ l t 3 i*.'^  ito:r(€) li.i 'Cvs^ 
l^&"l3l l^ '- 'Wsl i l i r i v s ) m^yin) mTiu^ X44'^tr^M^ts'4 
J4'^ "(w) lasiaCiml i37-Cn) i3r(v-i1 lassCvsl i;^ . ^isi x i r ivs 
il3'itM> U l f i s 5 1^3*Hvs1 va^-W vfo^is) E'^Csl 84 (vs) 
aa-iva) 76'(si taau) &4'''lia) i*i&isl M'CVSK 
1^ . il!lCi!*ydri«KA)t>m«Wlm 5 ll»9r(vw) 16K(ii1 la ia is) 14V« Cv«^ 
JA«» l^w) 13V l^m1 isry CP) la^^Hvw) IZrM U T i w ) 1 T i^) 
l'Un(«) V2C!(%») a7S>(p1 ao^Hw) TVSHs) 74<'=-is) 4*Ta*') u3S»l»?) 
16. ^iiyiiHay^ii i iMiyy^^iaQy^ i 7 i ' ( « ) ju^i U h i 
i»9»i») lA^im) jm^ml uTdit) 12^  (vw) ia6aiw) 12mm) 
la^Hvw) UVri(tt) UinCah) 1 ^ (s) 1 H i s ) *4^&(IB) 82*^(I») 
7VnC%«) 6^n(vw) JWrlvw) 4^M 
1 1 0 
iT. idkji/^iyisadyiftilsa^ m2n{m) mim) m^i^^ 
ASHn(s) J W r U I SA^kvn) A37*^{V8) 134^Cv9) Ji-3arCv»5 
a^ ls i i l la^Hw) 12*^ 1 w) JUS ivs) Ji Mm) virCsl 
'JWM 9Tim) mHvs) a i l v s l t«Mr.i'?T4^"Cv8) 73*'i®) 
i^^ l*s<) a*«--Cji) » l" (a ) . 
3a*r!Cw) 3' arCvw] «^4«ivi»l 2iz^i«J m^'^M r ? ' (^) 
iiiStiCw) ii^a'i®) miHb) mm^M va^'Ua) smiit^) iaa?^(s) 
aa '^Hsl A3Jbi(fc»] i a ^ t l Jy^ *^-iwi oj^isJ xxTlw) li^-M 
n & t s ) t 4 Cvsl ^^-1w) ^^:C*f? miu) €»2 Cs) t > i ^ w ) iA-'M 
avi^UI 32ri«1 l&4*^ iva1 i&Mm) i^saii^l i5tsiCvs1 
J44CJCva) 136^ Cv«) JL01'Cvs5 Jl22!l(v*} 12 i t ) IJii^ Cvs) 
XU^im) X^^mM r 4 ! H t 4 X''Ziv\ W M %?? im) V4^ivt ) 
V»Hi») a2»iv») B 2 i s l i ) 8f^(v8> tS" iw) w3r(i.) ^Mv) 
l !6^(v«) iaen(va5 l»jr^{ttj[ I48 (vs) |42n(&1 la& i i vs ) 
i340t») 12a0(v«) A i rCva) l l l S i t ) I C I ^ t t l VV'^ Cia) 96^(ia) 
y»( ta) yn»( t ) 82rC»5 76n(v«) 72^1 v»1 i>2^M ^ rCw) 
6^1w) 340(¥t) »1»tt1« 
11 i~. ^J 
m&Hn} 338'(w) 16in(v») JUiSSCia) i5^{&) SXitf^M 
i4ani«) 137^1 v«) Jl32!Ki^ »5 13 ^ Ivs) I S T l w l 123^C«) 
12fv^(i5) XJi6<Cvt) imM Jl iarlwl l<>5(m) 99t(*i^ V6r(«) 
V2SCw) as? (fci) a i i Cvf) 745Cvs) S I^Sdn) 
asi^^lw) 21201 w) itiToiia) lto»n^vsi) jaw*Cr4 I f tS ' ls) 
MUMs) 14^1 vw) i44<Cs1 M2*^(w) I37r ivs ) X32r Ci4 1 2 ^ i & ) 
US^Cirs) U 7 t ( a ) U2a(fa) U r C w ) rs»!llm) 1'^ rC%i5 i8^(Ei) 
^^Ct) mH^) m im) d'Mvu) 7»is) i^ a^w) m{p^) 
SE3. i4 l ^ i i i y i<d^JL l@|J^2 j@l ia l4 t )^ t 
25Sr>(kJ.w) «4<mid;ife1 l&ffiM i64P(s) JS f^^ Cm) m^i9) 
3MnM MVnis) M*r^(r4 MSnCn) Ma"(r.) 138^1 v») i ^ l " ( « ) 
jaf?o(«) i»is(vs) UT^Cwl iM^Cvi) iX2n{t) iT^(«r) 
l«^aCv«) JL^^ oCia) ^8^C«1 ^iS^Csl S^'^Cs) 865(»1 84»Cvs) 
S3"(is5 8^o(v») 7 9 ( 4 72 '^Cia) bTim) 6 r ( m ) 89»(w1 57^(w? 
342r^ib) aaaodal |jbdo(«) i62n(v8) 196»(«1 1531 (v») 14Vr(Bj) 
Mdoi«} j4ao(«ii) i365ivt) laiJHt) la^Cvs) iivo(vs) 
U7D(tte) Umi%) l(df){m) irjLO(ifl| VVoiia) «>a (^va) Sir (w) 870(» 
8an(v«) «»3»(w) 6cin(t«) d3c{i») an5{w>« 
- 1 
^«ct««i liandt ar« §iv«i in cm 
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1 L :> 
Xntro(3uctiati t 
Vary l i t t l e MJIJC oecanB to have txtm^ aono on the <aoR|>Xexe« 
2 
o£ viir.©di«ia(Jl3) i^ilc^i i s « voxy i n t e r e s t i n g d system, TNB 
cyano * , «c3wo « cyclofjcsititdionyl » (3#,idiketone , d ipyr idyl and 
opbonenthro i ine ecr|>le»ec * * of vacediumtJll) heve bcMon 
roportisti. »,tscm^ and Riavi s tudied th© coRploxec of viin«diura<III 
with a foi« rci5if£*® tsBse©, rrhore i o crsly l i t t l e 5m©*«5 nl^out 
tJio e s r end o lec t ron io epoctra of tM© lact©! i w u 
•StJio €ih»pter deal© with th© i t t c r e c t i o i of vnr.ftditsaClIIJ 
« l th boanzidine, p-pbtunylenediianino, o-dior.leidij.c, licctiisismid©, 
©•tol idinc, bi«( «cetyl«cetcr^«) p^hmiyl€'.v< dlftminr, 1 iB{p«-<iim4athyl« 
m^iinctor^oldehyt'!©) triothyIenetetr»min«», t i cCvani l l in ) 
t ir iothylccctetrctt int ' , tiii3(©®llcv*ieldc*[y6i^) triol3iii'lcT*ct©tramir.e* 
birj(ecetyliMC^tC3ii<f) o-dienlBidlrkO, tisIenisaidehycJc) atlrjl®r,©-
diasiiic* Lis(aOBtyI«c©tone)ben«!idirx'< Lic{«r.i£jeidohyde} 
p-«ph<niylcnecli«OTl!i<v an^ liB(©cetylacetoric) cthylwiodinmlf^e, 
The corspl03«?s heve i^ert chisr^cteirisod Iff^f el«ra©nt«sl aneiy®!* 
meltiny poit i t , molar cor.duct«riCe, wegrstrtic smoci^til j i l l ty* 
tfets thextaograviraotrlc eneiyelis ei^d inf ra rcd^ DicctrcKdc and 
electrcan ©pir. rei^soRenoe spec t r e . 
MaterialP « 
Vanadium t r i c h l o r i d e (D#D,n«f Hnglwnd)* The sources of a l l 
tha o rga r i c looleculee and the preparat ion of most of 
the Sc^iff baaaa aro givm in Chapter X» The method of 
praparet ion of t*io Echiff l«cea arc given I ©low i4ii€^ have 
net boen ue^ in Chi^tor I . 
K L> vJ 
c^^ y2«CMi«ovM» (4*0 ^ > «t>a o41«nlfiiain@ (4«0(l g») IMMP» 
^iesoX'ved i n ^t^ertol nod mlista eB(S etirsiMS Ibr ebout h«lf 
nn ticur* the yefllotr cry»t«t0 ciliuiined %i»r«( r<3arysti(iit««td 
t n faotti»nol. fe>r 1 tiour ana th« t^reclplti^© tlia» bbtiiitied %m& 
tl5«j ocsaolQjros iwire pr©i«ired t^ the tatcrijction of 
v«na<31«m{m> cftjlorido ^ t h tJie li^ pueSB i « tfm mol&r ratio 
of tt% i n iifctJoJate ©tatufioi* "Jlso prtsoipie^te oh^si^^ %«© 
i«6I"«3a isitJ^ ©theiioi rmtsjf timm to rcnov© msoma of tti© UgBna 
and tlio aotel <:li2otld(i« Sitice vnmiitlitiraCSXI) i& pcoxm to 
ac^ilal oxl^tioR exid tti<» ooR l^imiis are t^^lly Itygroeooplc, 
tb«i i^liole prooa&t of t M pr«piir«tioii o^ ttm oonpl^ aimi IMB 
(fbne in « pittotie QIOVH t)iitl ^ t h tl)0 attao^ pb^ i^r© of <!^« a ir 
£roQ nitsogan. tha «asbaa prodpitato tiaa qMictely tramfiMrraa 
to a vaOMna de>aioeator acid dfl@a« nociryf!ital.lisation «a8 not 
poaailsla aa tha ocn l^eKea ao» not nolubla in ooiation organic 
siolvsmta* 
Tha oanpiwma yarc microanalyf^ad for oaxtont hydxogan and 
niteogon at this anparticiant and at tha dapartraant of Ghap)iatry« 
Culcutta Onivaraity* Tha thaxuKH^nas %mrm mn for olght 
li 
ccmplmfsm on • tmm&l eppftretufi at O«JN«I\ tSKivemityf fmwitamt 
bot«n«n wocM t«np@nB«ure una 600% et filoi» ncan* Conduct«no& 
a0«iatir«mcot0 Mure cmdo <m « l>>!iiUpe oondHetivitsr briage vio^l 
pn.^500 %A«h • mp tvi>« oonaactlvlty o©ll **ttt» K T ^ solistioii 
in aiii^thyl8o3|>l)oidld(»« 'She tmlting pointK/aoc3a0|K>«iti(W 
t0^eYi!t»]r«s %4ir«i aatee«in@<S on » nit^lo mtsiting point apnftmttio* 
Th© magrtetic ui^oipftifeillty of m f©v coqplessee t-cs tS&b^ttsnitmd 
by FarjK^y ntstitx)^  «^ the duaolotry rJooairtraettt, B«! #0, v«r«ninii» 
^m infJta ««d i^taote* w©s^  »aa>r«ltia fear ftws Hgenas ima the 
corapI<afie6 o» «t *^«aflelf3 thmr Xnfjfa r^ eJ c^cct«m!iotor«Jter tao^l 
021 in imr pimso tietwrnn 4ocxvSJoa oaT% !^iT@ electronic i^cjctr* 
of a ©^w ooR|>ac5>«©o tm90 l?oen ti*kon on e Ot3-2 F?<jcla!wi5 fJr>©ct»o» 
photora®e<jr» ^ o ccn ©:^ ©ctff© of two ooaplcjMfc ym:® rcHa^ rdsa iit 
The Qltsnontal emtlyis^B of <3w astplcswis fitsi^ tttat «11 tJte 
ligttnae described tmwt f%»act «dth v»niH3iumtIX3) in t)M tooiar 
ratio of i i i oxcapt rtlcotiniKaicl0 «na o»>toli<Hiic» iMc^ ooi^ina 
i n tNi ratio of It3 and ^v@ ttw oesi^oeitions i^ at)ovf! in 
tabla 2«1» ttia «aol«r con<*ict»m»Ms at lo*"^ dilution in 
ain«tliyiatilpho9da@ l ia in tt»e ranga of 42<ia.i^ 5«o dhm *aa «ola» . 
The aatabli i^d ranQa^  fbr i t i aliacetrolytee in thi» eoi^ oant 
at thia oonoantration ia 90«^ oNaT^otn'iiwlis*^ but thore aiw 
oaa«ia iitiara IOMMT valuea ha««i beon m^orii^ sd* i1ic!oe ooiiipia9r«« 
ara tharofiDro l i l aloetroiyt<m «Ath cam of tba thrao ohloriaaa 
-I c <^  
outside tl)«» ctkordinntlon itpltmm» *th& HgmnOti htShmm m 
nor^fttitotiocel {aol«ail«Hi «Rd tbo piMmoHc hyOgwes'l gvouptf of 
elicy^ldMltv<3i3 AIKS VKRIIUR ptrta of tho r.{M£f*ii t^ »B«« do 
not iond^e* 
Th« t«midim mol«cMle atiowii t«Kina«% iit l«<X)(b) (Ultg 
aeHoffiMition), iaio(!3) (vc^i), islJim) ORT* (tifig rcjcidlngJ ¥hitlb 
mr& Ahiftcsa to Xo«.tjr fJr^ f^UKine^  in IS90if!i)# 13&&(eU 00o(v8> on 
biaontifit0 ooIcoiXn and tM) c^hlorideis ineidn i^ @ ooor^TititlDtt 
cpbcro mii^ i;ftr)ii!dtu»i(2Il>« t«»trii**coordlniit@d* 
The p^¥i@nyIenoai,iimine aho%(s el3ito«r>tionfii »% 3380tv) 
{ 111!), iSiOCraJ m^2 <3te«6mistioci>, 1300(6) (Vn-IT)^  oaDlWasT^ 
Ct'Rg nocktca), *hlcai (ir# ©oraoiftmt oMft^d to Jbvor fr^ciaency 
on ODo»Jiti»tion etKj «pn«#!r nt 3390# 1590, 1.200 ©nd I51S on * 
r0cg»€Ctivo3.y» Cooraini»tion idt^ Isotti the rdtiscsQens Ic 
e t ^ n o i l l y i«|>o©olbl©» ti«nco v)irta<SitiiaC23I) nuet be tbfiHB 
ooorcaiiaiitci ir» this oomplent* fWHursleldiiw »l3Bo«t>e «t l6t&C«}, 
lS«5(i i ) | 1510(1:) I i 27M«) | U50(w)r fl36(a3, fJ10(v,») c»*^ ^idb 
sro Mmignod to im^ ^tcxmmtitoh ^i^ vibratiom, a: stmtcMRO, 
Qthor vibration und I^ SKJ »DCl«in«, ttio©© unaorgo tppredabl® 
p«»vtiixt«tiofM3 on ooorainrtton as th«f«e at^osi^tiona occur at 
161S(v»a}« 1S"K)(«)* 12«J0(w), llfiO(e>, fJ3S(e3 mm noS(v»») <OBr\ 
Coorainatton i© po«sr.ibl«» thcou^ th© t«o nttfoowri© M^ <S tih© 
motal Ion la four oocsxdlnatci* 
lUootlnaraia© ahov© th«»© pot<antl«i aorsor »lt<w»»t*i« 
coxttonyl oxygan of th© mA&o part, th« iiit»o<3«ir5 of t ^ r^twip 
- I U f.-> 
i i 
fttia th@ Bltfiogon of the pyritSine ptttt 2 Htm c&tb&ts^l oiiy s^m 
i s utmooiiitisd vith riHj ^rotip ttunon^ hytScogem bot»aU[ng« 
nitX3itinmi^ Klaisosfcii fit 3360(0) # aoSSCb) (t^ l^ afiiaii)* l€75(s) 
(Vc«o &trot<3hing}t t61.S{»}« tSs>OCe)«(C«€ iftita C«lt str^teihirKgs} 
il3S(«} «VaJ)^  ftinS fit 1030(v»«> »i5a IDSCVAH) (pvri(Sini» rtiK? 
vibriitioii&>« tbm^ cMit to 3a60{v), 3t40<tr)« i690(fti)* lfi9SCfii)t 
1030(0) fifsa 710(1^ «»*•* on oc«a|jle»fttiois« From this i t i s 
tfifer»eid thet O0Drair»?ti<m of nafaisMaadSl) occwre *ith t3h« 
tiitsagotm ot the i«aid«j g«0M|»e of tl»i t i o rioo*imirai<3© Riol<^ csulr«^  
Hmc imt««3isw(Xil) i o t<itr«<joor<iiniit0» 
Xn o«»toU^inci the i«r« i»l3coxt>tioti& i^ t 33^Cm)# I600(v««)« 
I2^tm) end ^aSCv.e) osT are nis0igni»M© to t^-tH„ S^^ aefocm«ti«m» 
Va' ©na tli^ Ktjd^og «i«s»0eti^ ©|.5?# l!lieee oMft to 3376(t3), 
1630(0?, i23SC<id« f?25(w) era oR ccsmlcaeetion ifidiopting t t^ 
coordiD««!tiott of th» I'll^  oiRoof»c t.ltb v«i5©d4t«(llt) • 
The tdJsiacotylncteton©) iH?^ i^«"?^<^«3ii(rait» el»oit« iit 
1620(13^ (Vc«e5, isoa(«i) (Vcic, vc*t:)^ ir7!S(«) (csf! i n r?at»naifM3 
i n th© «itiol fo«n of tti© Sigiind} «rHt TTSCia), 740(v««) cm 
C£c!t!}« 'flieftA htkVa tsnen HftsiQned on tbo pipttem of mf^alVimt 
12 
in bieuHioetySiiecHbone citJhylefMHftiiiraitm by tieno and H«]rt«Il. i 
On ooRipXeKation the tmmiimm dlmng» occurs; in tiio re^on of 
cmtftotf^l ttlMofption t#i<iiret thv&G bnniSs tp^ ifukr et i€90(o}# 
i66o(8> and leaottt) osT^^ itie c-i? vil^mtion go«»0 to i s i t ( s h 
the est in Hwlsonding v|br«tion aioiuf^eiir©, una tho S" CH «lio«e 
«i>i 
up at 730(0) on « Thm i«r« epoctxtim thus provttft that 
ooordinetion of vanadiiamCSSZ) ocoum i4th ^to lentoiorm of 
1^ . ^  
l6S0(G}t 16801 VtO) <C«C & Cwt iit»itdliing>i 156S(v5 (Wtf b^n^ng), 
on o«^i0K fioxtmidofv thevrm & Kim <itoi|>n©iir# %oVc«; tkvcwm 
t 
eppiSRirfj a t ISlSCtai eta » *I*\ctse pf^rtatt^tloiifs siho^ tbfkt ts^ 
coor(31oatlon o£ viit»aiam<I2S) pos^'ibly occam tSirmt^ 0m fear 
rtitjso^anB of tlie txictti^lwietetrarnlne part of the ecihif f*e 
l^o bii5*.flmnillin tn«thyle«@t«trfimim» t4bo%m j» tio'ntxjr of 
laiOlE), U5ECv.s*5, l02S(v«i;.>, OSSicU f^ aXcJ^ TTOtv), 740?c), 
7XSCw)» <»1H&U 6&5C^) ana COOCe)« Itie i630 cwT^  tand Pipy t« 
dtt«s to Cue and Cue: ctwttcblng vit^retloiw, ifm etftmg t«n<3 ut 
liilO cm 1® aae to th® oirora»tjtc ring vlhrptlons and rai»y Iwve 
bidden un>:fer»iwrth th© im«ic Mf? bencllng vlbrntion %iiic!h ie 
03rtp#<3tod to uppoisr lit 150a«»149O CBoT* etJd i s fsrmtly tJsirr^d hf 
Btmmtic 1580 osT^ bi»fjd» Itie ISTD cra*"^  bi!iJT<3l i s aiia to tSie 
in pliine bewSfelng of tho pb©nolic c»! gecu^* J-^ ** «*ie tovcu, 
JL18S dkift to c*«»pRmtic-0-.cw»ljpbetic una iSho 600 cwT^  ao* to 
out of plane ar biiniSing* 0« OOII|>1CSK fowaption thooo ebsorptioM 
«pp««r at ].6io(v*£3}« iso5(8h)ff iaoo<6)« iifioiv), lossdn) tttid 
640(e} mT « St in infoimd tli»t «oorainetion doee not ocotsr 
tbxou^ tho hyi:!foxyl grot^c^ )3ut thx^<|h t})o four nttfogtm cttoms 
1 u <.J 
muffing vtmst^vmlttt) hme»ooordiBiit@« 
rhQ ti!!|3ort»nfe bwnds of bliEt»iiHcy3j»lLaeih5rti«)-»trl0tttyl«n««. 
totfm^m, 3460(b) (Vtjfi), i6lo{v«is) f^ c^-c f.Vc*«?), i590(i»)t 
<fie<o(n0tio ritiQ vitri^tions)* ISoo(m) (^tm)« iSTDCft) Cln plmtm 
iiaotv.n) Ci'a:), »na 600{«i) Coot of paifiiK: a? tundlng) »Mft 
t o 3^ !00€fc5, imoiv^nh lS45«vJ, I490<©h la^OCs)* I155(w), 
%tlQi%ii0 0^ 62SC%r) crT on oaap^mt. iotsmtiafu Ifio hv^ r^osryl 
v«»net3ium(IXl) ic tKs«»aoors3iwto ©» i t tovrm coordinate tsond® 
idth ttie four niti^gens enO tli«t t«» chlorlflcc* 
Tlie bi»C«c«>tylac«stQrw)«iM31i!«iirl<Un»t c^ *^ *r j» rnodJ«*n 
intoneity l^ ,nt1 pt ICJCO en** it»i<:^  ie the'^ CO in tttc koto Cetw 
•1.1 
of tbss li<]mK<3» '^ "so i6^(m3 cm * t&x^ I? tJitc to th© C«C find 
•>i Cft etrotcihimp mw3 the wxy etiron-? !ErKl #*t 1220 O!* io t*wi 
t o tho tiya«b*ya. gcottp in h'^Txsogmi tonOitia in t ^ onoi Com of 
the Jigfitid* tfm t%o r-trong 1:ftr>{ls r«t 010 nrvl 76* ora ev@ aao 
to tl«i Ct? aofoJomitiotj of th© daibXn tson<3<icl cwstiott in tJt® 
liydrogon tenacd ring. Tim »»om«fcSqMiiiph#tic ©tN5r ttbeoebB 
nt 1100Cm) aa « f)tt coKraloiotioa tb® C«C5 remRiiMs tinc^engodlc 
the^CwC •Vci<j «boia » O3ttcia©r*»blo ebift to Sov r fr©f5uianey« 
fhfiSat (»t aio(®), 7S5(v) OTT^VC-O nt i6oo(®> »tia c-on (at 
coDC<Sirwte« with tho two terti»ry rittfoaen *tora«j ©nd tb« «cetyX 
acotooo part of the U^erd continuoo to fJ^ ov tb© v«sto ««ol 
tmitatmritm* 
1 t^ 'O 
r i n g vihKt^icmB n t IsaSC©)* ena lSOO(v«is) cwT* «ihic9i ere 
«»,. 
CZXZ) i 0 poe^iblo only e t th« tm> rsiitwomn atons ctnd the 
prenimco of t*ao chlorldom m&'ime vimdtttii»(ixi>t«stri!KsooJr«ini»te, 
Th© iiapc^ttent bariiS© of M«i«c0ty2jicctoi^>l3©WRi«!5ne wiTe 
l6auCv#®) (Vc»o5, 1600(im), ISSCCs) (Vc-C & Vc««|3) 2340(im) 
(CR^ deJbfifintiotiJt l-^sotv®) ic i l its r.«feon<2o4 r im i iw t*^ © ottol 
form of tN i UQi»«a5 Mjd ?340<w5 and qiO<i«s> iCtt a n f o r ^ t t ^ n of 
thm doabla bonded ceitoti i n th© hv«1rog»n tt^ nsS^di ring) €Si * , 
I K «UO ooRpl^x thuVco imaVcwC f/^c*^' «ipr>©»r «t I6l0(v*») 
•wi find I575<fi3 c»!i re^cjct iwsly* tji© OH i n tvtondc?^ rir^g of ttse 
«jnoi focKi «pif><i?era itt ISOOCo) «i»3 t l io^ Cll ec OIOI^) en<f 790(111) 
GcT^. Ittooo if iaici i te th«it ooor^netiofj o f VBn&m.xmiltt\ oasarn 
only « t tbo tiiD tojctifrsry rdtitoger* utorw em tho rcwtinlrsg 
c»3ordJtii»tlon 0it®s fseBifein anocajpind tljuu 0.vif>g tho ©oetyl-
itcetorwi pi?rt o f tlics i i fp t jd e cibenos to wio t i» io 'Kjto»e«oi 
tho bi«l«fli«^llao4^yd©)p*lpl1eIJyXooe^il^^ifJ€' Pliov« o vmvf 
%. fittom hmtvi «t 158S om **ildh <»«y fee «tfisigti«a toVc«c fiVc**;, 
« 
The cou^Xcx 0l)ov»-» two l'»n<3» ®t 167D{V8s) ©13«3 i60D(vff5 O E T , 
Tho posi t ion o f VhQ t:»a tAtxogm »tam i n tl io iionmd f!aol«culo 
i e Boch thuit laoordaLeiitioR th»o««jh only on® io p«50sible# iti® 
i n f r e rod epeetrnRi th«ni»for«i tJha^m tha opUt t ing of the 
1505 CBT^ l:)^)a« Itus vwni^tttidJS ] i e t^roc? ooordifiiit« i n tShin 
OOII|>l«^ >f« 
Th« i n f ra rod apActitfi of bio»(»C9tyi«C€»tofM») ethylAiM -
'^mAmr* tiham two l.«r>a« « t 1560tv) and ISCX}Ci!i) csT^ ^iiitiii 
are duo t o thci ts^tbottyi iitir«itc^irti «nt3 c*c !< om »txmtsdh$sigR 
]nKsp«otivcily» tti® Cff^  d^^witmtifm acotarii « t i3S0(iM) cnT^ end 
lo th tho koto cmd or^ol Comit end hen<»:r iSh& i#r* ohovn t«fio 
etrcr^g tmna» a t T70<fi> ctcd 730tvs> «^idh «ro due t o cot 
^^o^naticr^ of l^ouMct bor:a@d eaKtJOti ii:^  f^a^oaaed riny* On 
coB|>let3«itJlon tho dOEteriyl fr^^ttimc^ goci© ^5air. to IS9O(i0#«ni3 
VCtC i^Vcit. t o IhMwUm -tie a t t^ foET.?atAc3ri occoris a t ??0(,v»)# 
Utr.c w<3 I?art0^** report vmsy k i t t l e efS c t ir> ^t^tf t i o p©ik« 
in tJjoir ccffsni^ x^B ftioro the ^jol ic ioxn oC th© licjetid t&»ct» 
%dth the icrtia«tiot5 of the hydrois^X groi^Ht t^ur cfcaervetlcs-i i s 
in ccK^t«»0t ^ thoir»fs mnd l^iis io tluo t o tho ctxphtx foawitioc 
of tho liofCiS with 'WBi.nditiKiCXII) ir: it© Isoto -otta. 'iti« vaiie^ aiwsa 
( I I I ) cocrcJifistoe «dtli to th the nitrot^f". t^x^C th« t i « px/gm: 
©tOM of thu liQitnd* t-itis t«o cibloridO0 ir.ci.lc tT:e f^oordinefciori 
fipbere th© viBiiK3iifia(JlI> i s he«iiCDor«!infttB» 
Tho th«ifiaoQr«viraetric <!l«t«i on ©orae co«plo>t©6 er« 9iv«r. in 
tablo 2*2. ir. aiOhloJrdsimssidir.o vime^'liucidll) co«apl«»e tho firitt 
t t « inflnctioR points nhow th® rumovai of c^n^ nt 300** una 
4ao**C atnd thiBi th© %ilhoic:! 3Li«»tiia itt riraavecl Isy 490**C, Th« Ri«tiii 
io lof t lay «(X>*'c, iR p«.|)h«iylon€K3i«i8ifio ooii|>lcae thoro i s f i r e t 
tho rcfiaowi of Cgllj^Hj e t 230** ©rid then nooc to t» i iigwid iota 
occux^c* th i s fiignifiat, th«i ooorairution of or»o t^ H^ QSOMp *dt*i 
VBn«ditiRi(X2Jt), Zn aidiXoro«o-<diatii8idlin«$ var^aditim(lll)ooi!|>iex# 
tlioro i0 firt(t romontrnX of ^3tm t%io mftthoeKy grotipii mtoooe^iiwly 
l : «^o 
jMNy th«n romovwl oC the totuX 3Llanf»S on^ Chlorides o -cui»i>« 
€^n^t*,cc «t 240% «ihi<:9i eshoMs ttJ«t tlKj coordlBeticici of 
vttiwSliimUll) occuir® t4tli the tm^ ^xcfxp of «tee fticsotirwata©* 
rtm pettQtn of lose in ws^^t In dlt^loro-MeCiicfttylncct^^so) 
p«l>}W!^ lGt3&aififtilne i0 (^cb 0if»t i t fihow notMsooitdinfttion of 
tlifs rdtittQeu atcsn of fh® pti®i5ylenc(3l8ffiiR©« there ir succaeelv® 
locB of C0i54» ^^3« «o^ Cctt^co)^, r:iic <3ic^ Lcsjno MoCneetyJ*-
ecetonoJo-^RtJisitaifte ©tioi« tho og»pocite pattern of ^maomtmitiGn 
b«cisuo© vmm^wraCIII) i s csoorOlfmtf'^ d to tlie diejiiBtdinc 
»it!*og^jo# liciKe thero 1© eilralnatAoii of i^© t%«o netttojty 
graops;# ima Cf3f2j,c»a?2*^ *^ «^ 3^ ^oup £juccf«mi»^3.y be fori? tb©f« 
iB totei iit}o«K3 2.aje» In tlie csee of tJmohterowfcic^Canleeldctiyae) 
othyl«»»o<E8^s)o VRi3ii<Jiusi(IIX> cegsplMux tJtrjPo er© or5ly t%» 
coorsiSiuatioii ©StoJJ l e ttjcr two «itrogeJsr.# Rrncc clemrait^ e In 
thG cassplmc raoJecaJLc tatec piace at th© tvo c»i' tent'te^ In 
aiOhloto l4oC»nis«ltk5iiy<3e) p*fs!idjiyXcn© i^w5lt3© v«niiaitttq(X3i} 
eomplmtt thoro i s elltsdlnertioR of tit© two ccfijj.Cgii^ CH ©na thftn 
i»Hno<ml of c^tU* 
Tho fiift^ ]^ i«ti€ f«aea@nt of tde cycXcpentoaionyX lodo Vftn«4Sitt« 
14 
CXIl) i s 2»0 B,M« at cooitt tipiperntuirci « the fangnetio nonents 
for ath«r v»n«(%lura[<lXl) amptmcm ure 2,68*" and 2,6*2.7 B,K, 
Th« ma i^potio nonents of ^ o ooi^ Xcssrer ae^eribfik! here (^ o^e T^hittll) 
• m 2«02» i«95* 2,36^ 2«47# 2,X0 mnd 2»4S B«M* *!tl#(!<i vii3tt«» 
am ioMMT «i)«n that wiixactiad for turo unpaired olactroRi! on tho 
i^in only foiHula i« 2*e3« Poxhapo tho^o ttrnplmcem era 
partially oKidiaoa airing th« Faraday prooasa of faaon^tie 
1 L r. 
3y 4 \ , „ IF) aroana iTOOO CBT* 
*^(t arm vppenxlm « t 40«C900 csfa** umy !3» m® stod hf m chmtm 
tntrsefor l«ntl tmA vmf not be 6C!©n In cc3wj>3L«s3«®o of vannaititsidll) * 
rrocj nm vtllt) opoctftm I t i« poitfJlblo t o celailat© C^  o n«ciil» 
p«ic©ti©tcr aM Aof t!i© crys ta l HcW 6p2ittir.g n^jri^mstcr, 
Tho velsjcs of R for » free viJtJt %m its moP*^% ^ih%0\ in 
tscsumi to a©af«»»8e on coRiplOK fo»;5rtion **t©n r^^-'Saction in «!h» 
dffactlv© <Jhorg«i on tim uwstal icm t«'<isc pl^c^, *Eti0 la^gnltujJe 
of th is roductlon 0bo%4B t»v« f i^rtorit of aBla08H7'i««tio« o€ matpX 
Aloctrons ots to «»e liQsndk^* Th© ©ncr^ of tfio different 
transitiof;^ 1® <gtf.v«m by t*w foI2o«dnQ ««f»r«?r:f.ioRs 
l« ' T J ^ i •"" h^^ (y) I. FA-15S4C225I»*4 ISBA* A^)^l 
^ i c h givd the rtmiXtm 
m 
E l ^ t C l l ^1111 •!.[. ^m m 
B 
30*6 
6na I69SO ca** %ihi<t) wisy be cvuroa by tJje ©pUt t ln r i o f 
^^2«^0 <^scttal e tn to ^ c t o low tf^waetfiy f i e l d v i?tse i?!Rl«e 
ot A o let 19573 c»r^ end it i«i 713 CKT^ iR^cafi3.iiQ t h c t 
tli©r© i c II rcOic t io t i t o B3 '> i o tho eleotrotsie repuls ion 
p«r«p<5t0r if5 «5® corapltm frs cxj^i^rca t o i ^ fK©f? i o n v»l«o» 
Tl5»8s th*Jr<» Ic e oood Mseing o f tJj® estti^l oct?iti»lr> %3ith tti© 
Iloaisa o t t l t n l i s I n com^aritson t o «»t«« RO a Ug»i»5, 
an® Er>i'? ^>ectjrtaa o£ thJlo c!cia^lf«: ntysa-ti a tenc i»i tb tfeo 
%ddth o f 7G0 <^weo «»t EocKa tct|?cr»fcore» ^ o f i n l i t t i n g Ir. aoe 
t o tit© osopUt^ i d * ^ th© o j c l o p r epln (7/2)« ^ c otfivcr^gc) 
i n 2«oiS %*ilcJi i n ciaite near t o tl5o f roo elcsctron d kel t ic of 
2»00a3» *ctt«5 Jtoftl l dovi i»t ion i«i i n d i c a t i v e oC tho tsiH«lng o f 
t h o geoumdi »tjit<? %dth « ie lov l y i n g oaccitod r t-mtct, 'SJhe osupl i i ig 
comt«nt# ?\ « celculat«2d frort the cjqijrcioriont g « SU -I».I.»PI.» 
A o 
coinec out t o lae ©quttl t o ••37«4<i# Thcs v«3wt?«f Ot lcu la ted f o r 
othmr coraplewcMS ©J:I» ^s l^ven i n t«ilbcN>3* 
the oloctfoit i lc cpoct fa o f OM!ai»nieitlinc v»niie1iuia(iX2>t 
14,is(«cQtylftcotone)p<i^^.mii3rX@n€idif»^ <««Ofi«liitntlSX}« lifii(ftrdital«l@N. 
tiyac) p-o^enylenodiemine v»niK!iiim(llX) te1«an «c <Sl£ftiro<3 
14 
conCiQwr©tion Mts&mtm the »p©ctwi t^vum in watA^moUc soiatioti 
for n i l thu o«wran ctxplf^u<m givmi in lteJ5l«i«.3 gtv® v®ry cXetir 
eviaono® of oct«I^<3ritl odocwstsy* I t le tJ5o»©fore ootK?liia«d 
thiit in the £oli<l lattices ther© ic eone poX'ywcnc ©Kr»na««®nt 
t^ i<Sh i3«koc v»a»ttitHa<SSX) afi octahodriil* tn fietheitoiic 
colotiosi# ffcwo «5it©« fwj t3C ocaipicd to^ nettmnol r«i«l:ing 
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!• \j^i:f^li'2^h*^^ ^^ lS90t») 1440t») a.39S(b) 1290(ia) . 
laisoin) saos<6) uao(b) loGocim} 94cci} aoocv.s} 
700«b) 630<l>) 4:^0(0) 360(1) 
2» Tc^I l^gClj tv] CI iSTOtvJ USO(v«ci} i400(m} i375(v»ii) 
I280(w> il30<l33 OSOtb) OXSiv.c) 710(19) e30(v) 
490(n) 
3« ^ |4«x^ 'sr*^2^V^] ^^ 3€40<s) 34001m) 3160(b) 306D(w) 
m40{t} 3070Cf,i) 1615(v«8) IB70C0) 150D(v,«)1460(©) 
140SCv«fi) 1375(13) 1340(ra) 13i0(e) 12£K2(ra) 126E(8) 
1225(w) 119f4li) 1105(6) 1160(0) 1090(b) iD4S(v) 
I030(iy*e)995(v) t65Ct) 9aS(%r) 04S(€i) Q3©<s) 
t?omv.0) 7e»ct®5 7 i5 tn 
*• r^ l2*^l#4V'^2*^] "^"^  32^(w) 
19S0(U imU^t) lS3S(b} 
ie9C(m) 16!^e(v) lS9S(a) 
3140t*r) 290C(H 2020(b) 
17eo(v) 17Jto(w) 17lO(fi) 
l&lQ(v) imQ{%f) 14€0(6) 
140D(a) 137&CiB) i32S(v«if) 1300(v««d 12S0(fti) liS&(fi) 
1030(a) loao(v) 990(b) 906(c) 320(«) 775(i4 
710(v} «6S(e) 640(10} 630(m) eiS(p) &30(e) 
390(8) 300(11) 370(a) 3S0(&) 340(m) 330(iii) 
320U) 3lO(v) 
14.> 
S. [5jK^%^'4^i2»^^ ^^ 33tB(iaJ 1630(ii) 1S6S{0) l48S(ii) 
iOTOCci) 
720(ra> 
950{m> 07Dt*r) a2&Cfa) Q15C«> 
^ 5 ( e } STDCm) 430(%f} 300(«) 
37S(v) 33S(isi) 32D(v} 
6. [cj^y'^J 2<^ 2^ i2«^ 'l ^^ iimocir) i77o(v) naoi*-') leoots) 
1 4 ^ ( i i ) 2460ivs> i 4 0 0 ( w ) I37&tv&) 130SW) 
l l S o a ) 106D<W) 97S(J) 
67( C&> SSQCtr) 4C]0(«'} 
asocm) 720i£l) 
14€0(vil) i.37S<vs} 
lOiSCe) 90D(t ) 
QSOCo) 
S70(w) 
BiOCm) ie&(%;} 7ao(m} 66S(vw} 
4SS(a) 3 W i i ) 3S0{ia} 340tw3 
3;^(e}} 3tOCK» 
a» [^25^-24^ a^'a^^a*^] ^^ 19l!0(») I630(w) 16lO(v») IS75(«) 
I5a0(v8) iS0O(v*o) X490(St)) X4miw) 
I41i0(«r} X37&<vs) i330<«r) Uao(v»} 
i3So(v} laxodm} iido(ia) moCw} 
l 0 I S ( s ) 1 0 1 0 ( G ) 070(ei> 940(w} 








9 , [C j j^ jp t jOjGl j^v] CI aoSStoJ a00O(*a l^9S0(v) i615(«h) 
iS90(lii> l&TSiim) 1&4Q(P) tS20(») 1405(8) 1360<r3) 
IMMfti) ntOitsi i275(v») &2S0(vw) laoofei) l l75(w} 
Ii60(v%r) IliSCct)} lOIOtVfs) tOlSte) 9 0 0 ( ^ ) 9aot«) 
0QO{%r) e4S(v«r} OOO(ta) r?0(ve> 760(w) 7€XJ(w) 
17a&(%rl I7)0(tr) imoimi imBim) 
loao(im) I760{«) 
l&aoiv) 164Siv> 
16401 «#) IG30(ea tS90(m} 31S50(&} 1530(0 1495(V8) 
M70(«;) 14I30(«) I440(m> i43&Cw) Ua&{«d l.300(%r) 
133e(sd 130O(ct) 
090(0) 04B(W) 
6 € S i w ) &40(i*ir) 
i25ot%J liescw) loTotis) xoao(vs) 
795<m) 75a(vtr) 735(w) 690(vJ 
6I0(VI4$ &€C(W} 4£0C«i} 4IO{vif} 
3 ^ ( v ) 370(«r) 3S0(w} 3S0(%f} 32S({ii) 
***[S2"X5*^2*^2*^^a»^l '^ 16'»>(v*6) 1«S00(VS) 1610(0) 1460(»} 
141S(i») 1375(v,s) 1340(8815 1315(ia) 12Q5(v©J 1190(v») 
IOlS(v*«} a30(V»} 72D(v) 665(v) 500(11) 
4I1!I(I») 3S»&{i8a 3ao(v) 
32S(v) 310(w} 300(e») 
12* ^ a f ^30^4^'4^''^2*^^ ^^ 3400(b) 











I590(im) a.490(W 1465(6h) 14€0(ve) mSim) I355U) 
1330(t#) 1300(0) IISO(W) loSStn) 1000(m} «ao(i>i) 
e iSts) ?aQ(«) GTOCv) SOQ(v) 4@5(ti) 45S<v«») 
4aO(«9 3SK>(v) 300<t!)) SlOCta) 3S0(»d 330(v} 
32&{ia) 
umiv} umiB) isdoca) issocm) 
I06D(V) lOOO(m) 97S(8} TOOCv) 
0301 %d 610(&) S20(v} SOO(v) 
l4«|Cj^H2^i3^C2Cl2»vJ CJL 3400lto) 2425(ffl) 





1^^{«#} 1460(v{t} i450(sti) 140S(«7) 137S(V0) l36M@ti) 
l3S5(ah) 13X5(1^ t29O(0) t2G0(w) I 2 ^ ( v } l3QS(a) 






7€0(») 735Cv) 72S(i#) 
475(w) 45B(w) 42S(v} 
4ao(v} 3aS(%r) 375(«^ 35S(ixi) 
T»m£. 3.4(b) I X*R, %>QOftirtt of tSift Uoanatt 
5: 
1375CO) i2 l0( | } ) 
t40(t!) 730(ia3 
S^(l3) 4C»(w> 
l$0O(b} X40Stia} 145S<m) 1410(i#) 
117&(e) 995Ctr} 045(w) 913(6) 
?tO(ra) 665<w) 54S{m) 630(©) 
33SCvw) 32S(vw) 
a, p*.f>li€r.vlc»nfKm«r»in© i 3330(«> 3300(w) 32001b) IGSOCm) 
Mimirii i iwii i—mwnn II immmmmmmmmmm 
ntOim^ i500(v} 149G(«$ 14fiO(b) I440ib) l31D(ii) 
ai330(ci) i^X}(@) iaoot&) iiio(v«i) ii40(^} ua>(&) 






3* <x3iQRlr^iairto t 
ls io(b} i49Mi^ 




4* f^iootlnemi^ t 
92E(s») 
sosiw) 4ao(©) 
^2o(bi aecocia) taste) i&es(&) 
1400(6) UTSivs) 1340(11) i27&(s) 
ll*IO(vw) U$0(W) 1000(01) 1040(«) 
a4S(s) r)3S(e) oio(v«8) 79*3(10) 
«4S(v) 610(v) &00(^) S30(w) 
33€0(i}) 30SS(b) 27ao(w) 23«0(%») 
l9B0(%r) I930(w) iae&(o) 169S(li) 167S(&) leSS(m) 




im%i»} umtw) U2%im) msm n^oim) laescinf) 
laoMvs) xi«otii} nzmn} }09&(v) 
94aCG} 915<i»} 030(^01 77St»l 
645(6) 
37511?) 
690(0) COUiis) SlOitn^ 
3S5(ia) 340(fi> 930tw) 
27SC^ 26S(v) 
l51iE(»c«tyl«cetcr*i?)o^i«jr.leidiRi3 i 3!;>00(b} &6CX)(f^  
Hflltt<«MNMMl«MNMMMWnMRH 
lS6a(i^} a4^(if) 14S5(v«r) 1440(«r) i:^S(4#) :i3^(i3> 
i33Stv} i36&(t»> I220in} moiVB) limimi lO'^Cia} 
iQapio) esBCn) clot©) 765(ta) SOOCc) 530(vw) 
r'ii$(acetylii©0tcr.c>©ttjyl<srifj<31«!faln<' « 303o(tv ltJ35(*i) 
ISfiO{%f) tS40(tj) 1500(05 UTOtv^ 14SS(v) 3L430(w) 
X4iOC^ 23C10(&} 
iaoo(t!t) I IOO(^ 
13S0{na l33D{it!> latolvw) liTlDda) 
llTOtVB) 1160(V*S) 09S(o) 9Sb(c) 
niOi%)) 77D(o) 730(w) 7lO(v»o) 
i».wit.—^nmnrrwnw,M>.«it .i* iwiKt^Himiw— i«ii#iii*»iiKiiM« •••wi»»<wiin(mwi»niiiw>i*«»i i|iwiii^«i««<*!••»»»•»• jmwmmmm 
Chiapter I* 
The opootral hwnAm ftrs ^ir«B l!3 ca 



















































*• V w ^ S S 
i i y f i M iim i i i i i y i in y iifi'H'i iiTniii \\w»' "III • y 11 mm I III M 
0» 












































* -w 1 
% Wf ight Ipfi 
« 









































wveioht l o s s 


























• - < 
r~ 
§ . 
V, weight loss 












-^  O 
fi 













1 SJ 1 
' " i 
i 
J - . - ' 
A-


























% wtigHt '9t t 









































R s f E n K r c E s 
^ 109 il^m* 
2» iv,p« Griffith* c,*?* iRiti5©r, J» C!ii»«fcw« CH/, nm iW*K})m 
S« ii« r.ilii« and t« PAti3«li^« /u@t«^#C!iK»«« ^ i l S ) « 
0# %C. AlJ<m ussd C!r.!!»C» Hottdnt *:*«ncitlar. rrK&t^ l chetn. 2(23), 
7G*70 (X977J. 
7# f.# ::>ymml» end i',r« J?®lCt Inorg» C!'.«385»., JjO# 192*»S CI07&)» 
10« t . tJ . P©ia«wy, *am rii©y# r •Vorls 196% p*304, 
il» C«f'«H. Hfto* Chenical /pr>lic«tlca"»iB of Infr* rtsd 
fipuctrcsooopy, ^ c^eidiiralc precu* t.«v,, 1963 p«i33«>331* 
13• K« t'«i«6nl«hif Infre re<3 cp«»ctroscor)y«^r»ctlCBl# itold«r. 
IW* Clip r»Bnci6Co# l©6a, p» 30« 
14* F» c«i<j<i]rii3is^ « c« r«»(^ifit.c»ttl end c« riori«r,i^ o» m* chem, 
?5oc., 2 ^ 3695-6 (1974K 
r 
IbVj 
15» I* K«n««^ r# Im>ro» Ch«»«t 12» 15S2-6 il97a)» 
16* l.« H«n«Qr« J« i«<m» atom* t*oG* 2E# 37IU7 (1977K 
i 7 . r •r .A. KcttlOt Cooraitiatlcm CoR|>o«ndo, !i<iieor^ # 
r^Cfiiistotl Last I'GStt ?°ow i3olhi 1070* p» I67«»174« 
II. uzn^AfmBmrnnwi 
[ i o 
Iireviotisilsr t>@en regKrd^ as a f 0i?tt of dtealterite or a 
form of ioX£m8t« Bo callod tti^ om elmmtA tantRtttB^f^ea 
&&^lii8 of Qt&aiAXi 8Qr1 t^odir*in alludlon to t ^ tatxtatisiog 
dif f itailUoA foe eiieo«iit«roa i a tx^iag to aiaeolTo tho oisffirals 
in aoidSf ant «^^ «BsrKOliiMi linr«0tii^te& tim exU^w of 
tes^lim, ;/«E«7oUa£$ttti m^i^BteA that tantalim asd Colusiaticitt 
ifo?^ e tbo sataa olAEwnt^  ^itt tMo tiypottiesis ^me mt ooixf inaed. 
In 1844i H« Bo@» aiinoBiioed the fselstemo of t«ro IMW elmmntm 
in a flHBDflo of oolii8(l»it« fros Bodo «Ri0i« oi» was alaitar 
to «^ 0» ii'lEa1)ttrg*8 taatatas and tlia othor wis oallod i3iot>ia»» 
froa molMt tluB i^^MlogioaX danfllttar of ISaataltto. 
(a) atoUna PaataolOorido (miCS.K) Zm 
13iiB i s fonwi tir tbt motion of oliloridt on ttot te»tod 
aotal or Xoos oaiiiljr idWA StigS ^ t>*>^ *^A ^ ^^ myotfr of 
15'/ 
001 If ft r«ftdtioii wbiah ea^n m anoli aeor* wtmAy with 
taolilntt tlma. with »lot)iii»ttl»t i t oan ^ Bstd fer atjmnitiiis 
th» twot ^hi» ^ *^  ««pk*i iii«tRWi» of tlMi isi<^ «ai«r mm^ of 
vmetifm of aioMiidi at OMvavod «ltli tanlftlasi oo^posnAs* 
1% ia ^ost tMi&o fron oUmim &M niieibixm «iiliil»1to at 290^ C« 
1% foms yoXlov eryotalUiio aoedlee^ noltiim at 204»f*0 a&A 
bdiUng «t 2$Q^ 0« It 10 eoltttilt witlioat aoeonvosition in 
tliB ummH ox*puaio golvoffts (alooholf Oftlvry oiafrofora, 
e«»rT)on tetraelilorido) aM also in mWo» laoooolilorlAo 
(SgClg)* Zt i s iBOfSi^ osod !]t3r<^l7tieal1jr tr ffater, into nioMo 
AOia aaA hsrOroien (^!^ido« SO nioMo acid i s ireo^itated 
wTmn thfi pontaolilorido v«&ot8 with oonooatratod otrong aoido 
(HgSO^  or WSi). Iho l^drol^iiiQ i s ptQtm%ly onpproiieod }xy 
thooi otronff aoifto* 
Olio iioat of Ottlailiaatintt of M0i^ i« 20 i: Oot ptr noio« 
bolit of owforatioa of tlii noiton eoi90«a& ie 13 »X K eal yor 
«oio* BKSl^ iM oijo^lotoijr «ioBiblo «ith SOd^ in both ttao 
lipoid and ttm mUA otatoo. Hiohiwi pontaoUorido appOBJro 
to bairo Utt lo toiidoiMgr to fora doolilo lalto* Addition prodaoto 
of 1^01^ witli or^mio anhotaaooo ere nt l l knooft lio«ofor« «o*g* 
«Jo 
& ^pmiAim aMition ci»qpoiiiia WH^M^Q^^^ 
It w9k& prtfwtt Isr Buff in i f t i %^  imiling el&liitm ftnlft* 
o]ii«i:ia« fd^ m^^stme W^eem^ tlimtiM ftxAw a r«f lax 
«r &mmMM p t^uiidl^ '^tts tl^ ^ f«i]^iit9« It i s a dti»met«i?ie(ll« 
diSf ©reiio® l)«tw^ii t!ii tii& 0ljm»i^u ttrnt VM%<B allftU«s eonvnrt 
iiloli&m Into ttm iiio^t* ^ t««, reaoini aix 1^ f iwrint £r^ 
tiMi Miil»i^ s « tl2iQr eoi3V«rt tsmtalffin pftata&etria* late 
l^«oiwtftfitala^« 
SMs eaa Tm wmi» hy paaaliii l»mdm imptrntB mmt wmtakliie 
Molilioi* It la a wA myei^tCllim powiurt laeBdag txtm rtA 
i^aiq^ h«r^ t{s t ftfttr feBl^ ii i t tar«« $^m% rtA priMM i^Uotrva 
aiffr&fttloa liioirR tliat ttie aola«iiI«i in tim vsfoir «r« trigciiml 
I J jo 
binrraniAt^ Xt mX%B at l.$Ci^  and dititila &a « strtaia of 
OOg at 270^ vittusnt d»e(»|^»ltioii« Xt tvamm %n &ir» asA ia 
WiE7 tcr^roaeopiot ^iag convwrted Dgr iialatir« first into tha 
my^remi^ iSioar. anA ^an itila patMtoxiOa, 
liot)it]» paataladida 
m mm\mmmmmm»mmm>mimiimimi»m0mmiii •II I »mmm 
Barr nade thia f^ oct ti^ a poBl^lraniAa aiiA rtporttA that 
i t i» vezir «tal>l«t Wt eoulA e i t ^ t i t f^aa frm the pajstabrenida. 
mutalim i^ntaf laortda ^ : 
Aooording to Huff, ti^ xxlaliHi pejit^luofriaa ean tia obtainaA 
lika aidiitin ^aiitaf ltL<riAa b/ baXoiPii axebaii@a batwaan tantalna 
pantaohloriAa aoA liQttiA bsr«roiiii fliMriii* Xt forma ootoorlaaa 
fTitfM (a.p. 94«l^ aaA b,i^«229^), ioaarAIflff to Babii i t ean 
aXaa ba iraparaA bjr haatiftg barlMi taj^iaa f laoriAa 
3m3t^^Z'M3f^ in a pXatiana IMba «taiXa paasiag tbrooi^ a alow 
atara^ Bt of air AriaA vltb iduiaptMivuti pantaxiia, 
SuntalBBi pantafliiorida oaonot ba AtaiatA f^on aoXationa 
of tajtlMilaa |>aato3ciAa la aqitaooa brAroflacrlA aoiAf baoaaaa 
of Ita craat tandaai^ to I^Areljraa* 
ICw 
WI»—«imiiiiimiMimiiiii»iiiini niii i i i i i i i i i iwmwiM mmlliiB 
nitridt or sttli^ MAt 1« heated in n str«fts of e%lt»im» Xt 
is boist prepared ty heating ttte penfcooelde i s a etreea ef 
ehlotrUie eatnxrated with Gfidrhoa tetrtiehliiride VEpour, A% 
SffoP carhoji tetraehloride se«roe1jr i^ i^ ete islth tmntaton 
peiit<»elde at aU» white It cenferte ftiohi»B pe&texide ftlmtt 
into the peataohlco'lde* 
liinbattiD penlaehltriie £ajm& whISe ossretale whioh latlt 
at Zll^Q t.a& hoiHat 24l»& 0^, lie elec^leel cendoDtivi^ 
of the Ut»ld at 240^ 0 ie 030 XlQ^^ Zt i s eU^tljr eoUhte 
in ethSfl hrestidef chlerofearw ma& oarhou tetraehi^ide. It 
hyOrelyaes elotOy in eoaoeiilre^d aad xepidljr in dilute 
hgrAredhlerle aeid« It bwae in eir to the pentoxide* like 
niohitiM pentaehleride i t i^ eeete with erpMiii &ad epeoifrXljr 
lierdroiarUe eoi%)OiindB with replneeoent of ite ehleriae etene* 
IG 
ftxNT t . . l « .taUM «!>. r . .o t l .> . ot M - 1 . . U . . 1 
m« r«aotioiifi,il» 0»«iie& tub90»of Q»»mimUmt (OXB) wltli 
iil9biii9 or tantalBA |i«ataoU.orido« or ptma^renlftoo (HX^ ) 
proSnee mterlaUi of ooi^otiltioii ^^^^^OIB) (&« &t4t5fSf6 or 10}« 
Qioso wm-tmiMlm are aistoros i^oh ott lioatiite yiftld oci^ oimAo 
of tbo tsrv ^^<^^>$«fii ( « * ^ ' ) « oefl|)OiuiA« irx^ Cox) lutiro 
ftloo ^011 fTOpired ftffcrdlog al l eoiEtbiimtimio of Up X oM n 
(oxoopt for ^arg(ox>j). Sbar(ox)^ andlTaapCox)^  ore i : i 
oltotrolyteo \tut oonfltiotafieo wmktmtmmBHiB and i»r, spootroacoiiar 
<400C><60 mT^) iAdHoate ttiat «bo otlser eoeiioasiAii aro tioiitlootrAijrto 
v l ^ B«ital ooerSi8iiti0& iiBffit>or8 <^  9t @t 7 and 6 for n»l-4« 
Brovn and olli«ra' aliiAiod tho oon^laxoa of moMui 
and taufcalwa pontaliaUioo villi {dioofliiao oxliioo, oiilpfeiidoo 
and «aloiiid«8>tho ooBiploxoa of tlM tgrpo XX^ liCx « ol»art 
i^ i» (nffo)j?0^t i^ n^ f^ Sti^S and J% 9^0» » » Bb, m) aro 
olbtaiaad j^r voaotio&o in oon-atneoita ooltoats* Hio ponUltronidoo, 
but not ttm ponlA l^ilarldOB form i n . oo^^Uxoa wltH l^^^CsK 
0H2(s)]»Iti2 obaroaot oitli P^(S)CSB2^(S)V^ oo^loxoo of 
approxiaato eoapooitiea lllr^»0«59I' ^ o otytalatd. Tho foraitloa 
lu. 
iif i ;2 emptemm vltb fb^S «r pli^ps* i s net o^ mnrwA, 
a»»i eli«Bi03ll 9ri>p«rtl^8 anA ib^&s^ povAsr difdeletion 
r«eiilt« ars repwte^ for ^e** ooatpUxts tojcutlitr vitti dtotoils 
ef tlii i*r« iDfttotra bctiweii 4000 ana 225 oa*^. 
3Iie ew^i^M of aloliitni Wh B^^Sxm (T) anfl tftntalttit (7) 
with mx9& (£»»» h8loiE«xt<»^ lli>3Qr uM Zt 2* biiorrKisrt lipoids 
feAi« tHiea 8tiidi«a t^ i'Sord|eYlo ana Kbtovio • EeftotioBs of 
2' i2* Msorridlm (biinr} und^ v^rimts oonfiltions with mx^ 
(Xm r» 01 or Br), mXg (X» d or ar) ana ibOOl^  give. 
diffidreat t^ rpes of sixoa li0aBa oeffi^ Uocos. Soinitioao of moUl 
l^ onlafaaUaott I3>0C1. in iNmsoiii tiiia«r aift^ aroiiA oonditiono 
gsmt erjrslatliao eonpomiA* of fliiiKml, foxmilA ix^(|}i|gr) anA 
SHOOl^  (bipgr) ooliitieii of aotal. pontalmUaoo ia othor tmdtr 
aflliararoiio oonAitioas i&t« evjrotalUni oopptoauis of feraaiA 
m^oQij Odw) «uiA Si^oous (i3ip9')4vS(iii2UoiMi of ^ta^ in 
ftlootiiL oottfeainiBs m aaftU ooatroilod aaoii»l of vAtnr, f»vo 
•tablt otyotalUni ooHpottflAs of Hio foarml* HbOOt^ CCR) (1»i|ir)« 
EleotrolarUoaUjr roitaood oolotioiio of Hl»0l5 * ^ Mnrriarl i& 
alofllM>l «it» osystallint paaraa&^Atie mi^ploxoo of tho fersnlA 
^2^5^ ^^9 (^ipf V ^'^ ocnpottBAo were obaraotoriooA by Aimlyola, 
i i : . 
O0^pltx«s of niobitsB 9«ataol3ilflrlil« wltb «ii>l»» «tr« 
fttudjItA tor airpiat aM otti«r«^, SbOlj Sftaotn witb ial4Mol«« 
1|:3ii8(itMoaol«8 to ^ym oo«|?l«»}8 of tl« tgrpt i ^ d ^ t 
«li3»e n » l»3« !«%« opootra tndloatea ^mt th» l>ooiidiiig 
bet«««a otitspojiesli io m l i ^ iocallstA at tlie i»f6tiirfttta 
Vfik%tm of the ai^lo ^iagt litOS !me neoalljr aiSoA to tho 
roaotioA mixture a&a in msm oaooo i t forsBd aAAneto witti tbo 
Hi(birt,FfAlsfraf aM Eloos ® stuOlod tl)o emipXoxos of 
aloMw (T) ana tRatAlim (V) with «tk»xl4os« Xn PIflfo or litCV 
•olotlOB oontoittiB« H(oet)g (» « S»,9li) oaA a XXm^A (JEPifTidla** 
r <ipleoUiii plpiriaiM» s^rrldUw oxi^tes* KolOp ]fiFOt(iiOj»)C?o), 
ir»il«R« otttOios oo o fowtSoa of to^pov&tsro onA ooaooaftrmtioiui 
voipmloA (a) ^it ftiot» ^mmXA o^^lUteitw [M(C»O)^] •SI 
2K(0iM)^ «Ii» (b) ijKlrfiwiloeiiaar ooeeliaiiflBO of HM} ffreopo 
^otoooA Hit aonoqiiivaUiit oitoo in &((lte)|, (e) itttraaoloonlar 
oxotiaii«t of mo in [ ti(Ollo}j Jj* ( t ) latorsoloeuUv oxettango 
iC^ 
of mo lMtm9n MCOBt)^  and [M(GHt«)^ ] ^ aolts ftnd (f) M(C)lt«)j*i:*%^ X. 
« L* 4 ll<(i[«)«2<* 111* iBiaotie pttrastot«*g for itnit of tl»et 
taislaXiin (?) imUaitii cutA l^eir etmplmsm* IOl^(^ • Sb»3)i) 
reaetea impiAly with li^ iftg oi^  fMii^  to gi?tt UttlOl^  la q|iiAa6l^  
fbo reaoticn of !^ Br« nit^ aaiii^ ilA not 09 tts G€m%%tion^ 
'Bm mm ooa^anaa «tr« o^uraoteriaeA %gr amlyeloy notooitlfir 
veii^tSy ipeotra aaA aAAnot formtioa, mMQl^M^li^l^ t 
(sii^ i»csB2)2f r^pidotini) ttaA wmnag^^utm mLfm^)^* 2t2*«i»i9in^» 
dliMi nor* iMlattA* 
imnfmaiitm &taA Sims jo^^ otitAioA tli« aiobliitt aiiA taatalsa 
p«iitidiAlid« «d Allots wltti ttKlA«»« fiio oonAneti?!^ ftiiA Alyolo 
ttonsnt atasnrontiito In aottitioii aaA i«r» qpeotra of ooliA 
aAAuetii ItX^.al (M "• Itif X » Olt A « It9t4f X •> Br^aKlfS, 
M » » , X «* Br» a « 1«9) with «idami 1 » BO<»|(K • B«»iHi) 
iliov ttet L i s tmnadoA to U tiiroaali Urn oiqrc»a atom* 
1(\. 
&• rmjotiom of imtbitus^mM^n a»a thi9&fmmtm 
villi m^hAtibixm (?) elLl«rid*« oM ai^ltaixlalim (T) 
otaloritet have btcn 8taAI«A Igr HlkiW'^* Hm vmu6Uotm 
of It^fiOl^^ (x m UZ9% M« 8b« m) wlttL RBDSt ^ m,m 
gave tbt srodaots of %tm %»• ^^4 DiM;Cs)]it ]# litSM^^ 
fSB«^(s)liil &B& 2»0l.[ Baii»0(S)lli]2 oeat&laiiig tMoaottaaiat 
grenpe arising f^en isiertion iate «!» at^lMsaxl^ii IwBd. 
anA lttJDI.««Mi$CBt tbo pt^mM9 of S» aal ^ boAAed iaoaers 
ia indieated by ^bM iaft^ea 8peotr&« 
Btaotion® of isooiraiia^Bf i«iiiitrU«s«itli na^liiiGtiitni (•) 
oliloridas aaA ttatlqrItaiitalLvo (T) dftorlAaa liaw also been 
•tiiAiad br witldiiii^ ^* 9i« mmtiom of neMca (a* IfSt^t 
M • Sbf m) with EHao (t » lli> Bli} Hera atnftiaA mxA 
mij[ii^(i{o)m]^9t^wsi^lmha{o)m}^^ ^mQ.^ [nMio(o)iia]2 
liOi2|3ttEa0(o)iaa|^  oosfiainiiig aoataviaa jroq^ arii^ Lag £ro» 
iiifltrticiii of HM iaoojraimta into tba »itai«<iarboii boM vara 
obaraolMKriaad. llitti(ni2[o(lia)»tl2 0^ • esr^lt^Mxrl^ y-teljrl) 
vara iaalatad ffoc: tba saaatioiia of mmTt^Ol^ witti HBO* 
IL 
OdoraiBation eo^pmiiiAs of trinttlsarl nleliiiUi (T) 
diolilorlift* and tr|»«tl)3rt tajstftliiB (T) ehUfriAr^ hmv V«ea 
9r«per«A, !!%» r^^tioiw of !g»-£rOlg (M • Bl>i Sat) witli » vmiiffi 
«if I2itl4«filriit# (Xi) aisa bl4!»]ttat« (B) U8&itd« ^mi e(Mg^ l«XM 
tmm Alio boon dono* 
anxtasHitlJart QtmsltWB of nlebiuA fuift tusMuM tatiw also 
tjoon i^j^dred Ijor Sobrodir^* Gsn i^ioei* of tlio j^rpo lio^ lff(li>Sbt9R) 
«tr« j^ nqpsrod tigr tb« roaotion of Hie mel^^ notal oMoridt 
w i ^ imm o,g« SH I^kClg <^ n^  ^3!^ ^ ^ %i|3k wl^o Mi^ Sbcaj ftad 
iEilii gftve 18«^« m^tb wtm loolattd as tlit adlaet 
CSSt2?Q (^H^PMi»iati^ g)t (llt2?0^ C |^PH02*^ !SaKft§) ««^ * •I'a proparod« 
lotDyt sloliiitti (T) anA ttottigl. tanlaXm (T) oxoliaUAi 
oM t^oicoa liavo tiooA yroparoA 1»y JiuatliiMI aaA otikira ^', 
%gr 1 ^ roaetioai of liiiigZ vitli »IMKIlj la ftUit«» Sl2^ follooaA 
1»jr aaAiUoa of 2i* liaic]^ vitli oxooaa of oxo type UfiiaA fiim 
lltM0a2«22i [ Ii«^« X « Ol» L « OSaSOg, Oatt^, OBe^Ej,C»Plli ,^ 
QPCBMO^),* 0[0P(BllO2)5lt 0A«li3»X« Sbfl • Ol*ar»£ » QPflij* 
1C\ 
ttMnsm mai^tmm» was ioni t^ Hie mam «titlii»r' lattr ia WT3* 
Mmmtlo&B &t mtitlB^teiefWm (1) maA vmtt^t^s^b^vm (?) 
Hie dtilsriiie I I - K O I K ^ (S « £!»# ^ t |[ • !§£§5) reaet « i ^ 
aettaaiae sretiiHi avinlag JE^ cot liisirtioa ef ^ t om?lm&Ut^^ 
late tlie attalHis^rYKiii leiiA* ISm p^&^mim were e!ittr«ie%e3ria«A 
%jr ^Mi •leatBtB]. aimljrMiet i^ x** aM PUR ipeotrm* 
Reaotiooe •£ jD&oblini (?) aa& taaialA» 4?) MUdee wiHi 
d m i r U - h . f .!«> 1»» i l . , « M c « < . M M » . XX,.! 
Zi« il«t«r«ailrlS», aAlpoiiitrllt) ir«rt |tr«p89r«A aM eteraetarla^t 
tgr ajwljTMi^eiM^Nwtivitiaa aisi i«r« i«>tatra« 
IC^ 
<V} ftM wtlsarltsia t^eaBM (T) witu itetoaBo* Tim vmotioim of 
He^»6lg^ [ M «« Sb« Ik* X • l«2) with Inaiqr k«tQX»8 giv* 
to tb« o@rlM»i:ia?3. p'Oiq^  taless plfi^e with loos ImUlqr kotonoo s M 
B2E« Eoaotioas wit3i 0 - anA f«flt»oliao Bpoxido «ero Also 
^ of t ISOO(I^\^21 ®Kg«2®»0SCK • l^ ,aSBif 
Ka(ISBO)IMg) ^1«C(HE)*ffllB]» oaA [M(S0a}3CBB9lt>2j(BkiBB2) ] 
fire royerteA* 3ie oos^loxoo ««ro ebagmotoriBoa hy oXnatxztol 
Aimlyoto* i**^ * 'emA irloi1»to oliflorp&iott f^^otr«« 
mo ooqpl«xeo of IfiSl^ C^V^ONt ifiOME^ O^gf^ OH (2JlN Bb, Sft) 
ooro proyaroA &11& otadiod bjr wiXkiJU^^ i a tho year X975* ISiO 
OO^ploxoo li!O2Bb0l3l0E2CV9liO22ii(2L2C&i2Cir« MOliOl^  onft Id0lb0l«oa 
(on aoryloiiitrito) oM BliOl^  taft (ImA » iMnaofUdiiio aoloiioiiitrllo) 
voro iflroj^ erod* 
QlUaoa ^^ irofarod ooorAimtloA polyanro of tonUlttn (7) 
u vJ 
iiittli»xidt» and oxiits witli I t 2 ana 3 diplitBaFl. pliofliiiiMttt 
aroupa / Ik mrtt ithatm % !>• low iNil#«tti«r nalfi^t petfUMra 
in aoati^lofi, 
tatraatnlftta aatotthiiMHi tiava btan srepDraA ler Bni«a« at lO.?^ 
Ili« ««RB»thiiiea (KgL) ii« ii*«ti«alioylidmMi ftttojILamdliislJi* ani 
i^ O(OB) s ciOit:ii(c»2)^ : 6!ia Oil : cCoH)R, (H « 1^ , »&> wira 
irej^reA laST aondawatloa «f a^fc^aiMNUiiidM witli apiarairiatt 
eldeh r^^ taiar k^toiita «3iA thtgr T«fi&l*A witu Ciafi«<*Pra)3M « 
(M •> :N!>« SII) in irar tMiiivoaa to giw M(oiw-»7r)«if ani 
l!Co*i8a»Fr)2T<(liL) ooiMliae«ft« 
OyaloocfatA^aaiia eoasOiasM of aloliitta and taataUa 
Willi lli^ioOl* M.01 in mf« J^li anA i t l i i * ifiBi»(Q^)j| aa« 
«!• • properoa l!roa HOj^ cat^ * ^^ 1^ $ " ^ I||CI^«)PlkBb(0^)2 
«aa a iiaoriseiltioft oalialfat far athyXint* 
1^ . 
ttioli&iai ana tant&lwi 1^ tto» tr«atM»t of ^f^ with 
^(OBt)^ @.o& 33KF^  iritli aBb(0£t)i| in "trntrntOB and tolntai 
Ol«« I ^ ^ 2 '^l^ )^ **^* i«olatt& folloiriDg tte r«ietioa of 
moift vitb aniir^Oits Hifig^ lQiig* Bo^ hsm hG^A foramlatoft at 
BRlts oontamUOig tlio liHCCSgCKCQl^ )^ ]^  cation inai^ C&C^olQ&ig)^ ] 
on tbo liaeiii of ooaAnotaiioo t H^ WM$ i«r, aM £>cajr diffraotlon 
AAAiioto of Jiiieliiiffi (T) aaA tantalun (?) tMlidoo tisfo 
t»«eA propareA aiiA ^'F ma otodf «f alxod poataflooro ohloro* 
tajilaU»»tria»t]9arl9lio^^to ooro oiitAlod Iqr fttfos and lurteeli^, 
liftlliotra and Ohandhorj^ propciirod Hio oo^ploxoa of 
idoMtn (T) and taatitlini (T) oblorldM w i ^ bostolao* KKa^ 
and &01^ oei^loxoo of tbt ^rpts lfai^ »X*» WSiy2tt and ^\f2L 
with boatoin (S»2«) in QC1^ « Sioy ootabliobod tlio otruotveo of 
tihoot o«ipl«oo hy ataauring seUottlar oondaotiTitJoo^KOltoalav 
IV^ 
!3ut ctxa^lBxim of slobiim end tantaltia ponlttf loeri4l«s 
fiFiliL plio^plioESl oouKaining ti^oift ta%B been studisa 1^ ]3.ia 
and olStsro^, QoB^pleiatlDii of I^ F^ oM SSsf^  vitb n mrloo of 
pimw^smitt omtaiBl&g Xi0uido« Btt^o» Fh^ PO* (fiiiO)^ Of (FhO)^ FO 
and Itoxa0»tl9lptioipljox«i3ido was stodlod 1^ ^% H,H.B« op^otra 
and tlx@ ^«Hr pso^i^ti^c 0^ iher^ liipada tewardo Bb7^  and 
Sbt ooi|^l«xto of nio1>ittn (?) and tftatatim (?) wl19i 
S-fniaoUiu^ and tPopeloiM W9t% praperod and otadiod 1^ 
8iiirotra and otborr^ in tlia y«ir 1977* 910 roaetiom of 
aloMidi or tajitalutt ponlaattoseldoo wilii d^iiilBoliiitil (OXH) 
jftoldad tlio dorivntlvoo of tlio Igrpo lf(Git)^ (^{m)jg^ (]iBHt»»or Sk* 
S « iso • BP or £1, a » 1«2 and 5). 8l»(0St)K with an oacoooo 
of tr^poloBB («H) 3ri«ldia Sb(OIt)t^. 
IV. 
ftAA tantoljui haft l>t«ii srepitred 1^ ^uxOen aim others'^, 
SraatBttAt of llbCl^  wit^ [Bu^ MCO^Ha] (lyA* lli»E«C^^ • 
a •orelo9«atiaai«irl) ( 1 nolo oquimUiit) gavo 70*85 X 
ll^ <C3^ li^ R)Ql^ 1^  iilitt*i^ o wi«b I ( E » fin)* fotloooa igr oilitioii 
of mis t HQl» tll>(0^^dB}Ql3(CH)]a^01^ nae o^tiiiiitd« f^cn^ 
renetod oittO^x^ villi X aol.o 0(|«iir&X«Bt 2(H « B,MO) to 
giipo [2i(CgH^F)ai^ li^ « BoBOtioii of i^a^ witli 2 aioto o^nimlont z 
(E • m) mm —my, [BbCo^ M^ojgCagK 
Cfaoft aM oo^ oorkeoro^ ^ l^ i;prjrod thi B»OO(I\ « Ojfolopootadloqil) 
oo«pl.03G98 of niobium ®M. tiJBfiulam pofttabalidto* Sros^Mot of 
mx^ and aoj Cx « a^ t ci) with ^^(05^)2 mfM^)^i^^) 
prodBoos tho ooBiploxoo [%C0^^)Bp^ltC3^C0^)0l^l«E]^(G^^)ar^] 
and [llh(Cg^)Cl^U ^1^^ ^ ^ '^^ A^ ohearaeterieod hy i«r« 
e^etrooeoior and moo lyootroaotry, 
iootorhof and Idofdo'^ iroyorod diogrelovontaditivl*!^ *• 
ereloootatriooH taotaios and • Ji^ * or^loootatrioirl fiiohiioi 
firon CC^ H^ ) mx^ku * ait!lh) and tM oqiavalont asomita of 
m^SmtPL la tho lArtflOsioo of aa oxoooo of oioloootatotKaono, 
flit prodaoto ohtaiaod art oharaoteriaod Iqr i«r, ^ptotra. 
•RWfi and *'U mOL tpeetroao^j* ^Immn^tX anHjfMs aiui 
wAfpmtia attasnrMwiitB* 
1 "*' 
Starnetore of dlMsrio «ol«oaXKr e<Mpltze0 of nlobieB 
ana tasteaXim postafltioridoo were ostabUihoa W Hln ot al .^, 
33i« prodooto of tbe renetlon of Wof^ or 3!^^ vilOi Sli2PCs)SEtt 
l^gPCOSEt, ana HijfO were IfientifiBd Iv ^% SSR. akf l^i 
(Ii » ligaM) 0i0 • aM trsiai • aif^2i*, ^g'^l* ^2*10^ » 
Hby^ L, cio • SljF^lf, ^2^11 ***** ^ 1 0 ^ *'®^ ® f «ra«d« 
BBw roBto of syalitooie for niolHiin (T> oon^loz oholateo 
was •aggested by Alanl aM othors^"« Sho pre]^ @ratioos of 
\m»^^\^ »l»gO|3«3?}^ 0« JMO^ Hj^ Hg^ O^^ e^HgO (Z> and 
\m^n\^Wbi^^0y^^ty&2S> aro dOBorlbod* 99u> roaolion of (Z) with 
8«^iiioUiiol (HL) in S^ OH 9SIT0 yollew orgrotals of ]S»,0«(QB)I^ 
wkl^ w«ro ^laraotoriood bjr eliOMlo«3L anal/aoa* Z.R.t^oetra 
and X-Jray diffraotloa* 
»iii«« and MorlMiek^  atadiod tbo oxobaaflt of froo ll^tnaa 
wittx tbo oaw Uflaado oeqpXoxod witli ao(T} and aa(T) balldoa. 
3ho UflMid 03C(^ 3aii|pt XZ^ ,Li-Ii •«» lfX^ « L -f L for ootahedral 
addaota ifl^ Ii« in an inert aelvoBl (CB^ OI^  » OHOl.) with noatrol 
1 -^i 1 / -i 
tlEfuoSm prec0ea« V$M & Aissodfttivi B aeeh&iiiMB iili«a 
M « ITbt X •* CI and It • plmwsiiaeyt ooqpocM* A AimoolaUT* 
I • f« 3fb9 ;:»Qb{ifig« on tlift p«tti&aotloarid0 i&M on Hi* pontafinoriao 
Addnotffy ore ii20B9d doim iKitli lucrmidng dtnor 8tr«ng6li of 
t l^ Slio^lioi^ ooBpoond* ^^ tellmtim ^^ otsndo wero uttsdiod, 
-PO|irbCl5|Cl2(MeO)PO|,NbCl5tCl5PO| and KbCl5|(Me2N)3PS|, 
BtflijB&di and ^mmBtm?^ cttodi^ ^ taio reriotion of WHU and 
IkSe (x « otfBr) frit& OMdonor U^nds tn ai%droiio alcotiol to 
jfield isalo^Xkoxido eo&pI«3cos ot the tijrpo MCcii?)20l^ »I> (B* !%« 
%« R • Mi, ulty X « Cl» Br, I.« PtijPOt ^ASOy PiK^ O^ and 
Clit2H)jP0)« mt^^lyZim^^y^Q mm &Xm proparod lijr tbo 
v@fltetion of Hbdfi wltli 0XCOOB of (102^)3^0 in aaalsr m(M^ 
me elieailoal prepertlosy eleotnoai aoiidnot;ivitgr» 2,E« (4000-<e00o£^  
and XHTagr p^itmr ^ t tor no it«ro re^ o^rfeod, 
mo ^'r and ^h^ }imKK^ Aata for the roaoticn of 
m.(0Bt)5 rtth Bb»5 aM W m i c a t e «>• f«r»tlon •* IlMjCOtt)!: 
1 < i 
17 if 
ei«* and trans « pRyff^ COSl)^  *BlOfi]t |in>fC0S&>2(£t0B)3| 
Oo^pltxtd of Sli(T) aad $&(?> with |lioi|^horii» and amtale 
ooBtaiAifig Ua^ Jads in C l^^ t \imms0 or mVss&m golutions ffiiPt 
ana I i^^uiii^aii^Atf^g) ana moi^l^C I.« P l e ^ » | Ht^ ^C^OB f^Kigt 
I is'h^m^m^ieii2 ^^ ^ | s'^^HgOHgAM^)* mt @aAition of iigCij^ 0 
l a mmXX pm§mtUma to Z4L 0^7^ in hmmm at «7e^ follentd tsr 
«mriBlDg tbo nixtiro to rocoi tteq^^mtorOf ff^fo ^(%^$)x^^«« 
<ll •* Bb, 9^ 1 g <x < 9) lAiieht ^em U •* Sb^eaotBd villi 
S^ A^oQB^ OH^ Aesrli^ CX*) in tM»noo»i at rem. to^ptralnro to giio 
B«&otion8 in iAirt selvonto botweoa lotr«oiilpli«r totrmaitrido 
and Sbf. and TaX^ bairo 1»ooii atudiod^, Sttraonlp^ttr totraaitrido 
(0»20 grwi) «ao addod to a •o^^nsion of Bbr^  (1*35 van) in 
atttortono dlohlorido (40 nl) at room toiq^«rat«ro witb iamdiato 
formtioa of a doap rod aOlbtien and a pinkirtMriiito yroeipitato. 
J. I o 
•J H-l - . 
1 f U 
Siftme ttlrslBg f«r 24 lieara tisw ie@p r«A i^iutioii ««• 
•fftporattA to «HiU folstti (10 ml) aM tin dMip r«a^ *«r«Agi 
preolpitatt «Ai filt«r«fi, vmirtiuid in (Sk2^2* ^^ P^ oA*Bt 
beooMs ^rtllow in aoist alf • Il«niiila& aiA||rttte And Z.R. 
'Sim T9mtiam of in»(T) ana Tkit^ obloriOov witli ttlirlaitttirl 
Isotoat (BiiC) and diotlsgn ^toao (BiJ:> UAVO ttoon iartotif&tod 
to tt^i^jr tlui oocrdimtiofi liebaviocr 1]gr Gllli ot al^' , ibtn tlitio 
ohiorldos and Jcotoaos ar« voaotod la t : i aolar ratio ytantaiioiCT) 
ohlcrido fozD@ i^apto Addaot of tlie typo !iliClg,l*(X » £HX mr 
mTw) lailtitroas Sa ISM oaoo of ^ ( f ) ohlerldo an oxgrxefi at^otraetod 
eoB o^oisd of t1m typ* M00].«,2Xi to otyteiiJiod« Xa£m rod ^ ^ t r a l 
otuaioa (4000 «• 6S0 oa**^ > isdloato tlio eoordimtlon of tho 
koteno tfarom^ tho ^tjns*^ <^ >^ (^ ^ * ea^^flgrl groop and 
tiftt of tbo oKjrfliB aliatraetod protoeto KOOl^ .SIi and (KbCl^ )20,2Ii 
iiavo iMHi trp* »f itottiins* 
At roaotioaa of t£% (^K • ISOf 2a) with JdHKo^  and 
UWmM9^ w o Btiidiod %3r Hoffirt and BarXov^, Ttm jprodnota 
(XO210K:B8IIO^ IMTO ^Mvaotorisod %r IMR. ftidiiso^)^ «i% 
1 - - ' • • 
X I ^ 
mam* aaa MCI^  (OOgB^ )^  Biit8,Citfiiir« IS <* in>t m» Beat •Btntola) 
BCl.Coo^B.)^ witlx beaadla in HI tml^x imtie i a tjccwtne Iqr 
Mlliotrm ana otSi«r«i,^ ^ !ISi« v«ftotiotiB w«re oarrl^a t i l l tfaer« 
W9M no iBore evolation of W^^Ef^ i^lorid« m^ (osoopt in %i) 
oase of M(oagBe)g)* Sio 8«nK»tiree mw ABt@r»iaia tqr «leiMmta1. 
&.wmi^mm$ nolur eoAil»stiYiti»s« n^gnetic •naotipUbilitios aaA 
tlt« oga|^ l«Ktt» of tHitiiiioliatil with jpontftliftXidoa of niobiua (T) 




8 miQX)^^ 4- 4(0X1 )^ X 
le iEc(ox)^  • 4(o2^)x • ziom) 
witere om Bt^xi&B fm 8«fBiJioliD0l* Sfele t»el3ii£Qiit has 
net l»eeii v«x3r »ii^ osBd in ttas s tn^ f»f ili« eeapltzvs of 
]C«««gr mffraetLott 
ili» o<»9l«xts of HIOMBBI (?) asi tftnlalcni (t) ptntftlmlidAs^ 
with QmfffiiMtiMl wvm 9r«f@i?ed ana «ui JS-cay pevAsr ptiotogm^b 
of ifk% oea^ ttoAe eonflmea timt ttnor donlaljied (0X82)*0l Imt 
ao HOlgCox)^ * 
-. 9M ifciuitliiA of 1 ^ Mtal fonlftlmUAoo^ vltli llbooi^ 
in wthw 8olutiD» i^w tlio eoMpMUBAo M>2^Ol0(tri|gr)2 and 
4^^ ^^ %8 (^ ^Vfi^ U* ^B^'^^^^ "^  ^M^ pfNTdir pliotogriiplui 
tlMoo two ooiqpUacoo art not ImwmtjibMkBm 
%• IHPay •trwtwrto ^ of [(ft-Oj]^)*^?!^ U^'s^V^^^al 
(^O^B )^^ ^ (Z) aal [(A « O^^OBj) l»€a^oa ] «IM} (II) liavo 
1^ . 
iMiett dttttrvlMd. C9Wff9imA X i s triehiiile t a « 9«tl2(5)p 
D • U,996(3)t e • lTaW(5) A* « • 70.46C«)t P • ©7.a(3)» 
r • 80 •92(2) t p^«o« ffroi^ PZf 2 « 2, B^^ 2,26 f n « oa*^9 
6188 iaAip«iiaeiil rtfleotioiw vm^ wmmiP^A bjr four elrol« 
difX^aotDoslary^ !ai« strootir* «»« eolvoA ^ h»«^ atoia 
M^oa. 1Si« Bait c«ll etmtaiiui tuo laoltotilcs tosB«ii«r vitli 
t«o aiisrdffire& tiolireist mol'soales of telntBt, :i!bd 3SI> atom i t 
at M^» ottiitro of A diitortift ooor&imtion ootalMiavtii, Sit 
tlsrse eh].Qrijei& aM tilts j^tt^sonis ateas mf9 at IUl«tftiii«« 
2«4799 2*<l73t 2«6B aa& 2»1l^ ^ imt^mtSmyr ^^rem itm 
aie^iini iviiioli i s 0«622 A^ a^ovs tbe pljuit. flit !&>-C AistABoss i ie 
in tbe rmaiBtt 2«589 to 2«?8II aaft tli« aom&l to tlit ring at 
«1M Vb atsa i s 2 •092 A*, Slis c^ iqpABtiA (IX) Ims ft slallar 
fSSMtry to ooMiKmM (!)• 3!lit VbmQ^Wi i s sigUifiOftBlly 
iio»4iiissir (17sf)* 
Xtt tiMl VMUitiott sf lKl|^ (M • flb» m) witti UmutAM 
UMB^ Hly^ tiM «ll?«»tnss MS sslvsA lor beaiy ato« atthod irtiioli 
piassA tiM m ats« sa a srjrstallsirayiiie 9 folA rotstioa 
axis. Att sls«trs»»diiiiitr asf rsvsftUA tUm rsBAiaiaf atoas 
ajiA also liwssA Itet ths astiqpl Wfmxp* «r MSa^  vr i^V ««rs 
18.. 
aiaordir«d c^ boat %b» 9<-^ IA ftxia wildi ooonpfttioii factor* 
for 0(6) ttM c(6)p of 0»6 msA 0*4 sroapootifvly* Afttr 
r", 
Potirliar o l i i a ^ iliayoa that %h» Wn^ IT«» ffroapo nero «1JN» 
of 4 n . 
St itetiraS. irtB&i«8 of ttm %tl adiaitlcm OOB I^OSQ* of 
iUmttffl ar@ifiii) li%v» Iwoii aaa*^, Cears^l &M noloeolur 
Mtroeturoo w«r® aitoroinid fxoa JHr«sgr dlfftaotoffit^lo aatft 
for [siioi^.i^] f^m.^iomYl <i) ex. •> o-ttsssiritflA^itf 
(XZI) wMoli vtro oi^tainid %gr adfiitton «f L in tQ n^iaolAi? ratl« 
^ HiGliI or Sbai||, fiw slariMtt torts ipiro f>>btaia»d Iqr tlio 
luMiiQr atott or aireot iiotlioAi. 
8iiOlo»r nftgaotlo »«ooiiiiioo %ootrooeoiar 
i|iWI||<.iMllfc«fc»««IWII><W»WlllWWlllWW|W^ 
9i« V,M,H« opeetm of nm ooogltsioe «f ioo«li&o<7at»tt 
with m^tflnLe'blm (f) otaorido aaA sMttl^ tanteXiMi (?) ohlerido 
t&YV boon reoordod, lOm yrotoa si«n,r« n^otra aro Aiotiiietljr 
18 
Aiff«r«i)t troct tlit iptolarii for A 6»mtmm^oQ9ptm wmsflmt. 
CI 
(I) 
«^t« iMilSiOl^  nTam^ a r«8ei»Ji0t at T 6*64 ppn* Hm rtseaww* 
aBslgmft to tim pe^toim ef tlie mstt^ uri w$%0l ^QUp for tho 
eom l^ox i« ^ io^l , of i%m€l^ fitmi'iemu mthmf than Xo^ iBbai* 
COL ^ R 
0 1 . ' '^'^'^ 
ill) 
ttiM l8 CQii8l0t9Ct v i ^ r^ Xaooa««&t of & mtt!^ croup hf « 
•oro oUetroiaofisi .iTt unite nitreiseu ato»« HM ifoootloa of 
IX a1i0V« vitli Pom; 8 in QMgCl^ ^B fi»XiUi& ouilx |floteot«« 
iHit ttiO yroten WR ot^otroi of t&? xoootioa sixttro UxoooA 
18;. 
ttmt iamvtion into ttm rwMOiiliis ia«m s^^mp tiaA takwi 
p-^ itOgB )^ have tetii iottt, Ste resemm* in t ^ paroton HISt 
m^Qlanui attrll»iitttl>l« to in* mttustt flPOctp {Cft,r« ?•? n^} 
i s mt in «i» T9gltm of et^ goolAted nitti litlbCl^ mA li«moi.^ 
Qooraimtlon ccitiJlLtwii { t m $^ § «. $^8 a»A 7* «i 7,2 - 7A 99m 
rcipeotiwly) t^t Ql9m to tliat fGuna for retattfl <im^l9X99 
mtih m MSl^lm-Odii) • © ] (Oa,T w t ,7 ppm) wMch $3 
oomil0t@iit tfltli ttie Mttt of Init^tion sropei@d atio'Pi, 
la tiL« oos^ losMt ngidj [!iE»a(li«) •« SR ] tl» ptetm 
mSL sftotra iimr« siallffsr to those itisOttsiisA for tlis i^vo 
eoiplox inaiofttisf s sla&lsr aods of Ittsnrtion, 
3hs proton ms ipootsa of His i^si^loxos lfS2KCl2[VU0(lls>i 
Ht] oonflrBta tli&t ttio »DAO of ixuMrtioii sss aBftloflnos to 
ttmt dioMssoA for Hio rosotiotts of ismoi^ auft MOgHCnL^. 
flm proton i*<&sonkBoo ottrlhiitshlo to tho aotti7%«4Mitsl sroop 
in tho OflMploxoB teriwA fron botii Ms^d^ anft Mo^0l2 ^ 
n : 
m% a M # i r ti»\t ttma t in » t t l ^ r«s»aiiet «f ^ M 9«r«iKl 
oonlA not Ixi olitiiiiitA HoeaiifMi of araj^ A dooeni^ialtioii of tbt 
eoiqi^ ltacoo in aololioa. At reo» ^ms^mt&%w9 ttm oin^Uoc miiiOl^.t. 
Wimit i^Bomm 6 voooimiiooo «i^ Oh €»ui l»o iipUt Into 9 pairs of 
reoocaiiooBt oaoli pair Ijoiag «ttrltittlal>lo to Mtlit HtCO and 
t.BBOO it««i)8« !£td8 liae t>««B ialeiffrotod i a tcmw of %o 
yrofiwaoo of ois tiad tsaao isooire of t l» oos^ Xox in oolntion* 
9LO ^^otrua of ttio oo^plox ililI30l^«IIK: tfioiiOd iftroott toapoTatoro 
oiSljr vattaor teroad s^ eoowaMO tMiit OA oooUag to 0^ Alatimt 
rooenaaooo attxi^utalilo to ei« aaA traao iaoNiro noro o)>otnmd, 
Ua^iid and motfeorlHMital, sroop rosomiieoo and i ^ a tbo q^trioi 
^ 0 roeiriid at oa«»4Q^  at i^pUttiag of tho rowBMiooo ooold 
iMi iotootod. Shia is ooaaistoat idtli ^ o cmKpXmmm m^KiilyWaL 
IC. 
bavlBi a tram armiiinBMiit of mttifl gronps «iiA teaea 
m immtaelm of ih« typ* Aioottsaid aJbof* for lWi€a^ »liBK 
AM £ur a« tbB O^ fU parotoir'^  sfesenustdt are oomarnid 
tha B^ isilt ipaetniB of fO^J^^U^ olootly raatalblas tho 
iS^otra of oe^ pottsda eoatalaJjats aa p^ • eoroloootatrlaivt 
l^ia A d aisoal at T 3JB ppm ariaaa fr«i E^ « i ^ ooig^ Uiig 
oonstanta |^^  ^ Siz and i^^ ^ i^S« Sho saltlpXat t>otwatii 
T 4*9 and 4«@ pen la £roa B^  and ^« Ilia triplat ttmt B^  at 
T 5*59 9in t@ iK t^ij^  ovatrli^pins bjr tba vaaoaaaet of em of 
t ^ 0^1^ rings. J^j 9Hs; and tl» pirotoiiB H^ and B^ sifo a 
ooBpUoatod roi^maoo aiffiiAX iadioatiag inoipftvaleaoo of 
tHoaa too i^tofis, 
Xofirarod speotra 
9m X«fi,^ pootra <tf tbo emfimmm of 2*8* t>iiarridrl 
and O-flMMiestlreliiie vitii nlo^BB (t) and taMaliai (t) 
d ail 
liaUdea oere reeerdod; Hio i*r« eiiooira for ^ e 4000**650 ea* 
rofioa tffaoir oberaeteristie Yitsratieml baada of eoordiaited 
1 1 u 
hlj^i^X ais mil as fibmmn of a1»M||^ lloii tmxAB <b» to 
tilt Hyfriainiiim oatlon AM attal^eigrpB •itoatieiui. iiotal* 
Imlo^A strotcMflgs ar« mtsifit fbis zmiigv of i«», noa«iroBOiito» 
SSio sr«ae%i:m« of ieetHeo^aiwteii end thioo^Aflfttoa iritl& 
©etlyl jsioMim (T) and etil<»rid«ii ani mottsyl taatalim (?) 
t;$ilcriAiii^^ ^el&im tim oiHBi^ txofi )iiiCl^ «M«f^ H oM lio^^«« 
Wtm^ lavo t»oe» otndiod find tbo proiitiioo of a aM I^^nOod 
isoi^aro &B indioated hf ttm infrared ^pootra* m^ ije» opoetra 
mo oonolot&jxt witti tho prososoo of t3so B»«itligrUMoaootf«»ido 
sronp in t!ie i;rodnotOt thoo tfearo dUs no Imnd at Cle« 215€ es * 
at i?ft>«tod to tlie aiormetrlo -if « 0 « s otrotoli vhilo tbo 
ottur tends art sinllar to l^a t olHNr'ved for B««iotliyttliioaootaBidi 
tihovinc otrottg olaupaotoriatio tends at Qa.lSSOy 1200 and 720 onT .^ 
with i^ts»oaltrilo and adlpoaltrilLi!^^ aoro proparod and 
ohsvaotttriaod l»]r i ^ , «^ootra« fwo ^p^m of ooi^laxos 
IGC^ .L and ai^.I^ (utero H » Sb« or m)t X » 01, Br and 
Xt •> dJnitrilo) vara forwd ^ tbo rosotiona of M>(T) and 9kCf) 
^loridoa and InroMldoa aitli i^ataronltrilo. 
16o 
aie i«r, q ^ t r a l Aita to tlit OB •trttobUts £r«qti»iioltt 
0f tlm oappl«x*8 «?• ebtalntO* Slt«mi 4ft1» aliov tlmt la •aeli 
ot^ oe t{i« B i ^ i l * fftratehiag fr^ i^iBMQr I A tli« coi^litx ! » • 
d>Ut«A (4247 e.-^) to «te b l f t e freqMOV vstoa >• 
ooisp9ix-ed to s^s trm Us&aa* Qsft ©Itsfiaet of a tjandl in tlM 
resioa 2200 ^ l^ CO oa^ liiov ^nt n elootrons ot tti« 09 
^ ip l« !»oM ai?0 isot te&k|j3|{ part %A 1Sb» bonOifig sna Hiat 
oooraumtion of thft a i t i t r i i * ie tiictroa^ thii^ Cai^ ':p^ S3??:of 
el«etroiai ea «^e nltrojpii atoii^ Blall«r obssrvRtions wtro 
ftlse ta^di la %\m o&oo of oiiibiiia (?) atid t&Ditftlvn (V) faalidt 
eoaQ^ l«xeB « i ^ sojioiiitrlleB fiiid dial'triiep jot aay b« ia«£itli>Qtd 
^lat tb« absmrptioa Gpeetra of i : i m^i^te talttn In nnjoX 
autX ilioiNisI t ^mX i$)eal49r In 1 ^ rogion 226S «• 2260 
in aAMtloii tc Idiii strons InBA I A tliis lijUiflr SkroQuta^ 
region doe to tbt oocrdlmtod 01? group, Hoirotmft wt^ oa tlw 
e^otirtt «ftl^ o taicoa ia wliitiGa (8ioti^#«iuohlQridt)oiftjr a 
i^a^a atoroag abaorp tion paalc t«a« ob«inr»d» tboroforo i t 
mmmm Itli&t tSio ifilitting of tho baaa ia dat to tSia iolid 
affiot. SlutBf tlia i<raeOBSa of aio^o ataerp aad iatcasa band 
d»t to Oir atrotebias idraQotaegr ia a l l tbo oos l^axaa ifcoisld liiov 
18'. 
tiMit He^ tin Gfmm ig^m^m in tUm dlaltriU «r« taMag 
surf in tiui iMraiing* 
mt i»r« B^etra of tlM ZtX oo%l.«x«s of Bl)(?) aiiA 
SSjiC?) lialiaoa i«i^ 8lii^ronitrll,« diffiv free tbofo of i ; i 
ooaplexts vith reflf«ot to tlio nombor of alMwrptioii btMo 
nt&ifl^ vmi) ooBpEf ntivoly f^^ir, 'Sm ^ t oaoo of n titron^ 
afeacarptioa "bsinl sroimft T27 o»* vMch l® i? Ijaen fona^ to !»• 
tilt Bioot oharaoteristlc el)«»rptloii aais to ^o OHij rooking 
Titratioas t£ tbe iixit!i^ <}xi» ctimiM Ss etroiig eiriOaneo fcr 
tlie alljMflitmr and traiie-ecmf crcir'tlQii, 
(?) md S&(7) liaXidea ^^ns oi£t7 tht 2^ 1 eoe^lostii «itti 
©aijWflitriXt^  &M ttieir l.r« B|>eetra ore fairly o&aple »Q« 
lu&TO eo^ t>i!l«ra*^ l|r wmlter misilsdr af tmoao thmi tlt« l^oo 
lij&AS«fhiB i»tsip«t» tliat tb« H ^ M stt-^biUaee in oat of tlit 
tuo taert ttn'ale oonformtl ca« OK* or 57? both tisirlng otnfert 
of t^wotiT* ^^ tpeotrii). ft: tireo of thttt oompltxtB art 
siaUUtr to tliose of tt l id adli^iiltrilt and iitl^ 1>4inia& (T) 
ftOi^oiiitrilt eoatpXtacttt* Sbt 1^« abtorpUoo tmMB ftt X299t 
I196t 1157i TQlf 746 aoA 5fi6 tmT^ in ttm a^ctraa of 
<2»»0l5.!IC(0Hjj)^ Cir) and at I504t 1809, 915i 746 ftBd 566 o«*^ 
18. u 
n»d«« of %lm Gi:&* maifieaoioii** 
mo U • iq^otrm of aSl o<Mi9l0X0i Itaw sfeowi tUftt ¥otii 
th» altarUo froDSpo ore •^»l>oiiaii4* Xt io«ttt«ref«ro» ooneladod 
ttmt tho fiinltrilos in ttioso ooc^texoo aot &0 Ixriaging Ug&ndB, 
Itt tits 2JI eos l^e^cda of mi7) attt &(?) tmUmn witb. ?;ltttojr<i» 
jiitrilo aaa aai|«jitltrlle, ® oil UT^BA aet^ cftiXe l»ie??e» oalj 
two tt^stal ImUaot tims witlsfyiag 1^ ® BSO«* tpobi^le oooraimtion 
2^ /S X £ 
wlMTo n • 5 for glutarositrito m»d 
A « 4 for ftAl9eiiitr|].t 
3110 roootiono of mm iNdKar leoloiwi^^ 8S«oo« K «• B* » 
ogfolirtioiqrl H «• »0t R* a» t -Ba and P • HOt B* • atofOiilvl 
iwm) wltb Ho^  K^5i« (II « 80» &» X « 1»2 } iiato lioon 
otoAlod and doiior«oooi»tter OOM I^OSOO of tlio typo lii^ l^Cl^ ^»BR*oo 
IB'J 
of tlio «o0rAlnit«d UffiJiAei tlui 0 « 0 strtteSi fllunrs tiMi 
tsn i^iPl. i ^ f t to Immr fMqutaey observid for ODordimttA 
kttonte. Hi* fjg^ci^  ooi^ltSMi itiov matnitat Imrgmt mhltts 
to Xoir«r treq^emjt ^^fi^ ^Ta» litj^ ^Ol^  eoqpar«& to BS«HCl^ « 2lit 
OQi^ legeet of ttm %ipt i^^^^^s*^ '^^ ^ ^ ^^ »Sm^ baimo 
ftt^s^ltetablo to V(M«O) nus^tn^im t^t %tm tj&tWl grcm o^ «ro 
traiiBy an armjigimtiife vhieis luio l:)a«^ i:i dbB<?ri^ cl fOi> tills %p« 
11»i i«£^ * ei^otra of tiso oompottiid (C^He)li&C I^^  iteo 
rooordod'^ ,^ i ^ a^ooi^tiotto at O^CO and 1§40 on*^ aro 
•troJigljf iMisativd for ^ t^ o&ctiAg "detiioexi tsha oofttral stataX 
and an alij^lio ogratiaaylbi^ s giflm ^h& attal am «ii#it««A « 
oleocroii oonfAgsratl^ ia* xtw OO strotdimig frotiuoaegf at 
I$40 oaT^ i« hi«lMar tteit l ^ t in id^U^) lSHa3.lyl and BMHarl 
heaoXogttts ladloatiag tliat Wit aotaUal]^ bond X» weajcor 
in ttao aoo ooan t^tiiA. 'HbSM io in fcigrotmont wltb Uw rooalto 
of iiwtia et a|l^« Sba #«i&toi»6 cf CM douMo bond in 
(C^Hj)2^ '^*'%^ io indloatod H/ tiao abaorptXoja at 160S em* ,^ 
Sbao mltie aara^o with a CglU structwe wltk tipo «i!p«irai^ d 
i , r , fipootrml data i t i s eoneloAcd limt tJm empUiz eontftini 
•troe^gpre of 
1!b7ft foraft pixoeirti «^^« sreolpitato vitti tttraanij^ ua* 
t«tr&Bitri^^» 1Si« i•s^• upootra et this piiidliiiMrtii^ * 
preoipitato sbiOHQd psaks (at 3030 aaft 1612 <m )^ d«» to 
«<m iaftloatiog ireooaoo of partial fjyarolarood BM^ *^ 
43 
in tbo oaeo of lU eon l^oxoa of mci^ wltln ottrlmtbjn 
kotom {mm,) and diotlijrl kttoao (mT.) tiio i«r, ^pootra otiov 
only uiaor dtirl. tlon oseoopt for V (o * 0) and V (0-0) witu 
roipoot to ttao oorroi«H>nlins i^oetra of tho U«&»do« iho 
V (0 « 0)tip9mTB at lower tfqvmmSuB in tlio ecnflozoo ao 
ooqparod to tlui froo li^uido lAiieli ootat»llrii tbo ooai^ lox 
forwation ^aroo^ tbt oavboiqrl 9P9up$ It viio obsoriwd tiMt 
olieroao V (a •» o) nofoo to lovor £rOQQonoioo on ooa^loiationf 
V (0«C) iliovo a pooitivo oblf t ao hao aloo IMOA obotvvod br 
11.. 
i?&ul aaA Qimi^^' for kttoa* ooi^Unet* vitli i^riOB* Uwi« 
AOlAt* AliOf tli« loworiiig •!* V (GNO) i» oocii tiiarflnr ia t]i» 
esM of iorcttf^ isio icetoati^^ (i39**^4 oi*^) »@ ooqper«A to tli« 
a U i ^ t i o ktttmoa (76~84 en**''') mhioth i» in eoufermilar with 
tlii faot tti t tlio dTtmttia kotonse tuvo iier« potaopiipi^ l* 
(mrt^iVt gE'Otti? ik« cioii9»sfea to t ^ aU^l^tlo kttoiio»* 
Hio oe^ vbot^ l otrotehlas £r«qiioiioles lit tin ai^trR of 
imm,y^Zl* ( M « ^« m, 2^ « ! « » ov I K } dlitoiiit« oitbor a» 
reaotloA proioote ur irntl^sisvA aix>oetly tevt i^ftod t>7 
$7«67 e»*^ tenevOt tbo low firo^fsoa^ YOgiosi i^on tliooo 
o1»aerveA for tlio trot U^uaA* SIso tieuiA o^otwod at alwiit 
1550 OflT^  la aU tbo ipeotra of tho ooii^ |oae«o« liOXj,2X*9 in 
Addltim to t ^ ooorftimtod ^^ioo) at 1690 to 3.i60 oa"'^  
sear ^ as«l0soA aa eoediiiiatlcai IMUHA aaMoing proAoalm&tly 
froM tlio iraB«'3ry V ((M)) of tiio ooordimtoa 0*0 «ro«]p aaA 
CUH doforttfttioi tMifld fouad in tbo U^uid Itatlf« slallar baodo 
at abottt 1450 o«^ in addition to «io V (€K>) at 1590 oa^ 
in ttbt omn^mmA foraod by tbo voaotion ty aool^laootono witfci 
aiobitni «Qrtrioblorido aao obaorvtd ty Xtford^ovie and 
xatoTio^' aad aaalgaod aa a ecntliimtioa baad* Shoot trarkoro^^ 
-J r f , 
J. 1 '»« 
haw tmtbm ^Bipmt. » • « « « taM 994 w ' ^ t . tM 
temiiMa. '^  <li»0) aad banl App«iiriJis in t l i* it%e$/^A 650-750 o*^ 
to %tm pt9mm9 of ttti^igkm ^xysm (£M3« }^ i e Hi* Bb ei^tr i * 
ohlorMto ooa l^«i:«» with 2$ Z* I>ignri4yt iMid ais9l!3rla««tOBB, 
Sine« «ii0 tmna otisBrveA U * in t!ie Tm«$ (07(K7@O o»^) 
i% Bbovt ttr-t tluiQtt ompoonAft ^Mgins oiariiim of tti« fgrp« 
MHhU and are pol^ wH l^e in mtiro* Ooplior ot a t ^ tiavo ftlat 
eoailiiiid tbe {oraffonee of M»CMS 3^FP« of boMinf in tlui 
ooiaplttKOo !I0^,2Xi( M » lib or Sn* X » OXg art imi&l^xitoo) 
wMoli oi^ e also ^lywukio in s&ttro* Jl otrong A M oltsrp oboorption 
Ixma at 93d em*^  i n thi complex Sb00l^ «2 (0 l^i:^ }«?0 oboorvtd 
br B-o«r. ot mt^ wk9 aooigntd to tlio toraimt lflft^ «^ 0« 
Slallfjrijr V C£«^ ) liao t»i»im oboenrod at 967 »aA 9Sl OMT^ 
fSor 6m§lmcitm b^OOX^ .l^  «uiA 1II>0B?^ L arotqpootivoljr ( ^ ^ oplioflrlcai-
tiioAlMitliflAr oiaB ) « 
mo l*r« ^ootra of ttio oo^ o^tfBdo (SliCl^)j|0«2Ii oloo 
#io» wgativo ibift in t ^ V (O0>« fbioy aaOiit oonflrai 
tbat tbo bondifls of Ite kotonto to tlio aotol. Is ttroui^ tlio 
moftmmt iroap« SSto wot iaqportaat diff«eoiioo in tlio optotim 
of tlio«i ooq^ onaAo no oomproA to Wm aoraol i:t addoeto 
1^ ; KJ 
cai«lat«i of ]ilb(?) ana ^(?) ptionoxlda with btogoiA 
Wire s%iaitd Isst mvtmtrm «t at^^, He V 00 of iMiiiMiii 
Bip^mriag at t690 i« lo«ir«d Ir 40»60 in tlio fj^ dtrm of tho 
eoiaag^ liacoe of thoso ptseooxldoo vitli temoia due to tHo eo8&i?at 
fflotal. !iSii V 0-K gonamlly o1»o»«wd '-•t 3360 in pnro ^naola 
diaappft^ sroA in t}a» emi^lmc»»» XI ia alao tibmsima %imt VCM; 
origiflal3jr pre^nt at 1094 in i>tr« iMsmoia i s lowortd ligr 
30«40 in tMm cmplMX9»^ i3&iim%$M^ tisstt oxysoa of tbo 
hydirm^t groiip |« at^olui4 t» 8»tal ion. simitnir otiatnatio&a 
laava INMA meo in Bi«l)i»9i and taAtalioi poataotit£a i^4o ooi^laxoa 
with iMiiiooin, in ^ 0 Ije^ q^eotra of tta oot^ omiAa of eoapo* 
iitioA likOltOOgH )^^ * ^m and 5Ka2(c^(%)2«^^* ^ <^ i*3pp 
intottoo IMM arooaA 392* » aaoignod lo V Jili»ca ia OUaomtA. 
Biio ttaai aiprooo wall wi% ttie '0 MIMI vifaslatloA for tho 
ootahateal oi»iiplaxoa^ ana tima an eotalnairal. atroetaro 
wmf 1w propoaod for ^la eoHpl^xoa, in tlia ease of zaoKoo^H^) .^ 
\mm and IkOl^^^a^^^*^^ "^ inlaaao abaarption teaA 
arooai 336 with a tmXX aboaldar at 318 aaaignod toV m»Ol 
3Sii a?«aetias0 of aiotiiiitt aM tfaitotiUB p«]iti^U4t«^ 
tvith 8-^ tiiiioUB01l lead to ttui fox»@t!ion of ^ « OBE t^«x«» of 
th« 1^0 H ,^ii(OKB)« meeo aat«ri&l.s axo miacturts aM on 
composition 
boating ylold coaistooMo of tlM/ ^^ ^^ COl)^ ,^  (ep l«i4), 9io 
s»liEr ocmano^aeo of 2stijr(cx)^ and 'i3Bwir<0X)|. in acotomtrllo 
olo^l^ stioimS fib»t tiu^ art l U oleetrolytoe ana ^107 aro 
f<irBiiUte& us ! (OX)^  ^ , Xn aU t}i» oHunr oaeiM l^ooy tho wlttoo 
of aoUr oenAsctaiiofto ot^ taUttA for nltrtl^^mmm wore eigns.-
fl0«MKlljr below tttoee eiq^oteS for Xt% oleetroiytos. 2be expeetoA 
•olar oon^iotajiooo f<nr l?!, oloofarolrtoe are a$»33 (nitro1»ea«tiio) 
tO»ao(i«ltroaotli«BO) and ISCK^ KiO (aoetonltrilo) ohior^ cis? nole*^« 
SM roootiono of nIoMoa it) onA taAtaliiB (?) ohlorlAoo 
and temddeo witli glateronltrUo^' toate re ml ted In 1^ ferantion 
• f too tgryoo of oo^ploxeo* 9io WIAT oondnetaaso Booaoreninto 
• f lO**^ oolotlono of ^leee oo^^loxoo la oeetonltrllo fito 
li/o 
mints of 2 0 ^ oW^oi^ i»Xi>*^ * me lov mtuie «r« la 
for t2&i«m33imleiit oliN>trol7t«s in Hift ««> aolfont* 2lhl« 
•Qggosts ttiat tbo eoai^ lS'sniB are isonMlootrolytoii in aootonitrilo, 
HOir«««r« tl]J&l3P IntoraotioB wltb aoetesiiS.trll.0 girljag riio to 
ttis tiosooiaUoii of tlio Vp«; 
sau.dliAtriio • (SLOS«*«* s^cSjOir • dlMtrilo 
oannot \m nsltd out. 
[J J 
2, H« E«;Qr«Sref?tiiio 0a Xasrpiiiio CliiiiBi«ti?3P CUbl^ XI) Kl«etlir» 
Jfm Chan. SIMS, (4) # p.105*»t (XsiTD), 
Wtalay ^ i l ) * p«5T<^ 5 Ct^ TD). 
6» 0, a!j«r«|«ld« &M n^%e«lA»« ^» Cli^« S»e <A), 9532^ (1970). 
m , mwm» EMa« ^(iO>» 2 tB^5 (1971). 
Jr. jt# iaoi«4 (1975) • 
!iat«ii »«»». 2S# 2^56-^( 1975). 
10 V 
I I , ^. H, illlcia«» S, Or«Mi»Mt, Cli«»» |2(5)« 982*^ (1974). 
12* r^. D« mUdiM* ^. Or0mwt« cm<i»» <g|(t)» 2€9»7 03ny» 
tS* w« A«< r^alA B»«l«*t{i l^ » l3a«lA Bie^» ^olm l)«i^ lkJjs»» 
St C8J»IW 1»O* ailt^ii Swwas. 1<JS*0»«4 fl9T4)» 
l^ltoA a?a»B» 12, l43>-t (1974). 
ts»f»t fr® |^!« mt«r« J« 1124 CI967>« 
^, laort. mml* dwnw J§# I5«f«74 (1974) • 
!•• *r, »• iiitidiui* jr. Grmmmt, mm» jgO), 549-55 (1974). 
19* % s« Heo^  E« s« illiti^t H* s« ^ l l f t * Xtttrg* Ifeol* Oli««* 
2|Cl2)p 5751-7 (1974). 
SO, jr« 0, niUm^ J.0rfaii9wrti« c]i«»« g , 55*^2 (1974)* 
21« E, B»4iiX«»ft» 1* Beuflctt 2S« ^iittrg, Allg* OiWi* J|2^ 
22* <r, l>« mXkimt .^Ori^ &iiDMlt, Qb0li« Jg* 21^32 (197$) • 
25. B* D« QIUittAf 9» Iiierg« Bi4(i« OuM, j | « 1909-12 (1975). 
24* ^* f• 1lmd»iit SJ^ *€tap%&t E,I«Brft8aA« Aeta (Mn AeaA. 8oi» 
Eimgt 8|» 33-« {1919) • 
2% (Btsltt&l a^ »<Kraotf S9f 419* 1976« a.Eiotueara SotrecOc* tif«s«3« 
93f 2477 13 Sm^ (1976)* 4789^6 13 Sum (1974)» 
m^p^^ KitlBf | t 60M3 (1970* 
27. F» Sttififtt Xii«l»« 0 . m^mtt majr. Jtotwpg* Cli«», JJ, 2a9-25 
(1976) • 
^ * ir« F, Obrlstlaii l?iKr»g» B* AiiAro HtrliMlCf J*Fl8orjLii«« 
Ctotti. f t 409*^ (1976) • 
29* IC« 0« iiaii«^ra» s»C*OlMwitoar« XatSiaii J* Cli*«« sset A« 
J l ^ t 706-B (1976)* 
30* S, ar is i t t* y« fiMTt 2. AttKrg« AwdL* (MM. J2ft 107>42(197i) * 
31« E,(l«llittf ]s»B«Z«iiR««rt Ite. •^BttilJMr?* KiorA* Kli|«« J|, 
46-50(1977) • 
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Zatfrs. ddji Aota» jg|, %5*18 (1977)* 
35, J« Ssrkf rnxSamft Andre Btelaiit Xi»8»l&aeolttt Or««ii* jr.GlitM* 
3 e « Oomim* J t 59 (1977) • 
94* E* jr« Bir«t ^« <3iatt« 0«^*2^i## J*E«!i»ll3iillf A«1iiit«rliof, 
S^i»m3mm%^ 0b«ti« ia9# O«^»0L» ( | , 9 7 7 ) * 
99* A* m%%mimt% ujimM I4«f#i iiiiS|«r» ^«<^piiio«tt« CSAB. 
I 2 t "^-l^ (1977). 
fli«4.aitsla«V» 3toli3&, IkEdt %^ii£lt« SSIfi* g|f» 609«i2 (1.977) • 
574H5 CX977> • 
2€99«.7t)t (1977). 
39« S. BrtuMLil* A* Wmfmn, ^« I.«MI QsaaiA Mt«i«, Stt^^XB (1977)* 
XtoorA. ^alM^t W$«a <1977)# 
4l« a, <rMi««OAt w«E*X4nAmll>t mors* Oi ls . Acita» 2tU5«9lt<t97B), 
42* (i»a#Atftaiii A«jr*a&iii«l«r» J.Znorfy ]|iel# QIMS* j{t209«'tO(l97B) 
2L C 
43* t*a»QiUt H«s,Aliii|iii unft 0*^ t!tiMi# •^XnAlAn OtoMt.aeo* 
l i t 519-^0 (191B>, 
0lmt» se&t A* |S At 9@1»s Ct91i)* 
Or^^amMt* C^»« l i f t ^ '^g (t977)* 
4?* t« AiBHfixif I * Orpino«Mlt« CSIittt* CL|t 1® (t9t4)* 
^* or^mmet* aimi» O^^ * tl.6 (1976)* 
49* A« Cr«|}e« M* drimilf f»0«4* St^iiif J* OlitB* .^o» A^ 285(1971), 
90* H, iL« imaetiM aai f* J^UlnelCf ^•Or0uio»ttt Obcn. |gtl49(19ii)« 
91L« E, 0« Mvik KBA S.I^diAdliftf d'* Sa«r«« BtaBl« OlMMu J|tl6t9(19i9)« 
44T (X910), 
f5« X^3«r«|«vl« ftjnft r,Ke«9irieK S^lxm^* MweH^ CHnm^ Jgf 1099(19(9)* 
S4« I3!)ar4jtvit AHA t,]Go%«^09 ^» GliiMi«^e* Afit 939 (1910)• 
2C--
^ . l«ffMl9iSaoA, Ilit« j« 407 (1964) • 
56* C« l^ ffrOJeiriOt Sf«t««r« (MM^ AttlKt A * ^ (196S)« 
$7« Q* 2»« O^XiOBt ^P««tr» GUiffi JMl»fti | 2 t 129 (1969)* 
58* ^* 0* Peimiii 2i« mvid Kjeptrtt l««G0liii Eeittciit B«A«9fait«t 
^» Oli«iii« m&» mMm %rani« jO« a051«6l ( t9B)» 

2i:l 
pt veeeereh mis^ etxri^A out os tlitt IIOI!|»1I«XM of sloMiai 
P«iit»il4i>riaft« frag^^ t t al stadlad tib« iiitoraotloti of 
&»qi2ifioU.iiol Willi slo1»ln» (V) ehlo:^ i(Si» in ft eealoA tsbo, 
tdo oo!Bi,4ex«8 wlHi dipa^iKyt^t osolftr't easoiaetbiiioo t^ AHiyi 
ao& oryt jplioi^ liiiiM » o-jiiiieiiarleikilkioaiinatl^arGiiio^ anA 
^utarojoitrilo'^ IIQTO bo a roported* aibgit(uaitiia work has 
!>oeii dono tri^ tiganOs tXltm n j^relopontaOIOByX Son » ShtEre aro 
a fSDw roporte abo&t tlio izso of jC«ra2r diffSraotii^ ^at and n«m«r« 
in tbs otrnottro eloeidatioa of aioliiiaB (V) oonplexea* Eoporta 
about Hio aoo of -^mograviBOtrio aiiil,jr8i<i n^d ootar condoetanoo 
dalpa ai^ c^  alnoat iioA«oxiatMat« 
S!lift yreeeisl aiiaptflr AtaXa with tbo eoaploKoo of niobinn 
pontaobS^rifto niiai l^nmAf ligaBda U s , otik^oaoiiaKiiMiy 
1 »>yropanadla«ijii, «riottajnoaat«traaia»» boflBidiiiit o-tolidinot 
o»dSaa&aiAlmi tiwflMUvaiwMdiKalMi p-iStooi^oiiadia«ini»pHi]iiaidiM9 
tainaldtnat bi«(iaUo9laidol«]rit)1.»3>ii9ropaiiidlaaiMt bia(imaiXUii)-
Ita^^propaaodiaiAiitt bia(vaimUa)lt>1?>iipuMdiaBiiiio, bia(waiUiA)« 
alBiaimt 'bii^mwtfiM^Um) 9tla^mmmmBAmt M«(mettylAC»ttoMi>-
4*l9'i»>«t)^tJi»filMidiit, fimm omat^mmm imm tmm olmraotariMi 
wltli ^ImmnML mmXywim f«r Ct B ant n^ aoltins polislt e»l««r» 
iSiwlii»iiffiigMffiiing» 
setaiff Daatft &M uttmt liaanAtf UOBS liaw hmn itscpribtA in 
efeipter l^ ^ni 11. 
Hit mUtt teMB wmeti trnvn not lMi«a «•«& in ths stu^r 
ItollUtt (6 pi) MsmtVnA in tHuuiol ms 0tlrs«& «nd 
1,5 A «f If »iro|i>ii>dliitwtw miJEtA villi ttw tHuiflei mw «iA«« 
^ i% with eoA«te»t slirriffi ennr » pB)ri»A of aiNmt 1 teinr, 
i yallifv |r««ifitatt «MI t^teioftA whUHi wis itpar»ttA»ti»iol.fttA 
in tiaagtnt «iiA rairjrslalUMA* Hm ir«lle«r myt^lB.t ^t HM 
2 C . 
ligEUciAs ««rir prepRTttA in i^ srft oiilorolssm (aielilUA t» Ftn»'v» 
a i l trrte«8 of mtei^)* %• nlotiliiw (V) o)ilori«o mm «llo«tA to 
reaot «lth mHff tmWB In idoiotdoaitrlo ipatio of tn.* Bimo 
the ASoMim it) ctKioriai b^otjrooo i& als^  a»ft tlw ooii^lcxto 
fom«& aro hi^:is tigrgroieoplet tHo iiliolo iroeose of propeamtlon 
of t^MT ooapleseos vas AOBO in aii iflBr^atnooi^iisrt* for tl i i i 
piryeot a glomMmg ultli ooiiolaiil flov of pnro aiiA ia^ jutroisoit 
«a0 ttood, Hio |roei|4tato oMainoA nas eetttrifta4»A aaA aaaliiA 
oofirai tlaoft to tmmim ma^ mKomm of Hio Xim«A aal aotal 
ol4or|.4o* Aftor vaolitJig tlio eo^ p^ «K« liMi iroolpHato wtm 
tvaoaf«roA foioHr to a vaonoM iootooator mM 4riod« Sho 
oonil.oxoo ooro mmXfmA for oarlioiit tv^^am aiiA nitro^m 
in tlio oioroaaotTtioai Aivioioa of t l i i i dopeortnoat, 
mi t r eoAdnotawo MaooroiMiito ii«ro oarrioA omt vitli a 
21;; 
«iBttl)yi forisMHlAt at tO*% eenooiilratloii at r«o» t«iq^&t«r«. 
X* lt« Qpeetrft wer« reonrAtft in 83r ybftM l)«t«»0A 4000 M T ^ 
and 250 aiT^ ^BA 4000 <»r^and 200 caT^ at Btrklii Mwrnr XnfSr* y«A 
iSiiroD^ram of f i w eo^pl«K«9 W!T9 imMmn at tl» O«S*0, 
tjniirer@lty» J f^firltsirt ^t»@eii room tm i^pierfitiBto snd 60C^ 0 on 
o netanolL itmttiikmotm 
&e ioeo«|«altion toieqpirataroo mm nmttkng poinlo of ^ o 
ooiq l^iKto weTO #iterffiiiiod with 0 oiaqeto atltliif poinl opparatos, 
ttw OUtiital ftJiKlifioo for ovrliottf lirA^SOii and aitroson 
iHoir tiw ooivooitiott of tbo ooavtosoa oo givott in talAo 9«1« 
and ttSoHtto voMlaoiiiorido roaoto nitti attylonodiawlno,! »Vgro* 
pantdiraintf tri«tlgfloaoloftraMi»0|^o»toUdiBOt o«dianioidiatt 
o«iboj9totiodiaMUMt iH?> «^J9li«Mr4i«idn0f pi^mioidiaOt fiiinftlAiM 
and ton Obiff IMIOOO in tlw mUr ratieoN»ri:5» t:5f l i a , l U t 
21G 
U&f t i f i t 1i:$» l$4f i:fif 1LS2 ttttft H n V«i9«0tiviBl]r« flm »QUMi 
^ • t Uflknftt art ^ t « iNB&lqr ti0ai»i« aaA 1UHIO« eoordlmtten 
with oflljp oni notteia* of %• aolklff ^ M eoe«r», 
i™iiKiiiiiSEIiSHImliSffiCTrffif * 
t i l ttt ion for m «s^ 1>S2 •l«elSFol|i««8 s8f« 6 ^ - ^ • anA 15O-l'70 
olaT^ 01? aolo'^Cviaii Qiia^^ir Z)« Sior 1J3 oi»etro|.yt«s tlio 
raMOs reported oro 20CW2lO ,^ 100-240^^, 175-220?^^ OIMT* 
fbno tiko fiiotiitin pentoflUoEtii GoiB8>lexwi with t r i o t l ^ i 
<]aii»taiEMi, Ms{mfiiUiil)i»2»|rofa»ediai8lii»f t)io(iPei]iillia)tiritMllN> 
ionotoirftBiiuit and liio(aootyifiQOtoiitt)^D8iidiiie £0*0 mmmti(tmlttmW%m§ 
HiKiMBi l i ia } i t#«a iBid l^* liio<ae«t3^ootoiio)otiqao]ioi|«ii|ait 
hi»C&eotjd»ootoiio)p-»9iioivl*a»dl«Kiiio and bi»(ftiiiialio|pi»|«liiyiMiiiii» 
diaalM oaro Itl oloolrf iytoi , those with l)Oiioitfiiit90<»«oU«lni^ 
o«4io«ioidiaot Oi^ iplitivlooodioalJMi and p^ilioflgrl^nNttMdao MPO t l ^ 
Otoetrotjrtoo oad thi oovstos with p>«iii«idiiioisai:5 oioolvolfio^. 
Itt othHoaodlowlBO Hw i n |»laiie I^ E hoaOiag Tllr&tioA tho 
oot of lAoni as honAiag ifibratioa and tho 0»ir otrotohiag 
20 V 
ir«a^«otiinil7« TlMt« 0a doaqpltmtloii iliift in l^tqtitaoy *M 
«p^i^ at 1600CY*«*) 720(ir«w,) anfi 102$(T««, ) COT *^ Bit nwibtr 
of i«r« }mxAB in tim lii^ nJiA i« Um^K' tbaa tl»t in ^i» oo i^ts , 
flmft tlMr« i s »o oiiaaBe of ^ « prte^nB* «f non^ e^oordlmtvA 
^ths^itmaxm^m^ Ttm aiohixm c^orilMi iltratioii oeoor* at 
tlpma ani tt»i f^ »ttr otOJoirl^ ratieftXe i»oo3P4i»ite ne^ ldctg nio^ina 
( ^ t 6«ettooii?Ma&toil* 
Sa Xt3«^ ps^ PAni€J^ siia» ttte ia |illr<ni JSH DenAlagt ont i^^  
pleas m imeMnn Aod 0»H atr^tchiag idLlratioa^eeir at liOO(b)« 
840(t»)« aaa Xtmim) niiiisli ia?« ehiftsft to l$4QC8)t840(t>) aad 
tOfO(v«w»> mt^ oa eoi^laoialiea* 2a tM« oot#t«e alao the 
tiraa tudaa^ate propMOdlanlao notaoiAaa aaA ttaa fe«r ohiorido 
vmaioata eoo^diaat« villi aioliiini (Y) aikiag i te eoorftlimtioa 
'vnati' taa» 
Xa tria^iyiaaatotrfOBiat tlia V m^* VSB» i n sJLaat liaaiiag 
• f im of primry aaiaa» tlit oat of iQLaat liaaAiag of M of 
primrf aaias aaft SSH fbr ooeoaflRry aaiao «ltratioa» oof or 
at 35eo(b)« 2920(li), i995(1i)t B3H^) aaA t555(w) o«*^ aHioli 
21 
tkPffmm ft« 94€oeft)f 9000{1>)» t600(«)« 690(9) sad U2X>{m) mi^ 
on ttpnmtion of itio oo«iil.«x* SSio ooorttmtioii •Mit* to t»vo 
oGotrroA thromtb nil. tiM fosr a&troattt ft«o«8 of H M l ipmit 
ani 01,1. tlio f i v i «lilorliio atoM art a3.o» ooer41i»«cA, £^li« 
eoc<raimtloa anailNa' of nletiiim (V) Imo riooa to 19* 
In %tm HmoA Imm^Mmt tUd i n slano M btnAiiijEi tHo 
oat of iitlaiio \»niUm and tlit 01 ola»o1»Miig irl^ratlono of ttio 
pfSmtf mOjMm ojppoar »t t$00(%>t £%2{o)»aiia I975(s) <ar^« 
^Sioi^  iti ift to lSlo(e)» ilO(f^,fi,) and t5l$C&) ctT^ on ooqptiKRtloii, 
ftit eit&t eiJloriiit iritsL^atlos &-BP^X» e.% 3^M « ^ tlio wta l 
nitrogin at 44Q(a) osT *^ Ii4»t>ltim (?) in this ooEq?08B& io otfVA 
ooortlmto* 
Xn o*toUdlae« tlM in p3li&a» m lMiiiaiiii» ^ * o«t of pVum 
boaiing oM tist en otrotohins vtlrattooo of tbi irioorr oaiiioo 
mwpmat at 160$(T,O«)» S2$(V*0 , ) BM 1.5<0(n«*> otf^ oliioli oUft 
to l«20(o)» m.O(ir,o,) ona I540(n) oaT^  on ooorfliaotioa v im 
nIoMai (T)« Ibft tot obloriiio are otttoiAo tlMi oooy^Haatloa 
H ^ f o . Ite ooordioatlon iwribtr of tlio aotaX is oovtn* 
Xn o«4|aiilold[iio tlia m atrototiUigt Hui m in sOaao toaAlaii 
tlio MR out of Uteao ^aAiag» tli i tm ftlrotoliiag a M C«aU|luitiO"*o» 
2CvJ 
I540(ft)# aiiA U09C«) ea*^* ^%ti» te m^ ^i6mt twtg^ mit^m «A 
ooii^Mnitiott emA ftpptnr at a920(A)« l€l$('r,a«)f 820(a) •1340(v.«,) 
ana I2€0(n»«) vsT^ rafl^Mtivety. ISiRra ia increase l a 
tin iAttnaitf af ttM» i,r« iMoida on eaoa^dlmtian af tiia lifMia 
wbi(^ aata aa a aeiHraiiotlaiitl t>Me»l&ta i»lamil.a ooarftlsatiag 
tlxraoaeii i ta t«a nltrasan ata»a* MoMtm (V) la tMa aaai^«c la 
asvea ooerOiiiata* 
Sa a»|liaxqflajai&ia»Sjia ^ut VSH» ia slaaa IIB baadingv aat 
af plUuBe BE iMiiSlBg af priaorj smliia aaA f^cn V oB "vDarationa 
aeour at 2920(8)* t625(n)* 8S0(a) aaA l92D(ia) mT^ vaopaet&wXr. 
Xa tba oa^ O^QCt iA tha Tagloa af M alaatoMag, ttit abaorptiaaa 
aeoor at 94O0(m)» 9390(t> aaA m)* 290G(I>), 2840(9) t 2600(a)fa^ 
aaA l a Hia vasiaB af la |(|aa» M bMnAlBg vitratioa at X€L5(a)* 
i990(a)« aaa l$60(t) aa*^. Sha l^ Oir tmmp» at 11RI,9(Y«a«)» an« 
tlia aat af iHaaa ws, tMaOlag •Itaratlaa at 890(T»W«) aa*^« llia»a 
astra heMM l a tlui U«uiA iaiiaata aaorllnatioa thraniti aaa 
af tiki taa altraaia att«a« farliaya a«^9iiaa|iaaa4Ulaalaa lialMiipaa 
aa a aoao4iaatata lifMiA, Zba ttraa idHariiaii aikm tmrUmtw 
with alaUaft (T) Mldaff i t aitfit aaarilaata. 
21 ^  
Xn f<«fit«aa^tni&ia8tai» tlit V i3St iei FXAM SB litBAiiii « 
iA tilt rcgloJi ef V IB ill llM UflftsA urt 920O(l») t9{K)0(ir) aiiA 
2900(t>) CMT'^ * 1%» iK^nii in the eoivilix i n tlii« rciioii «r» 
9420(a)t 9340Ctr«ft«)« 5230(b)» 290 Ct>) aM 2600(e) ««•*• Att« 
in itaai SE IwitAiiis in ^it mm^mt oemem at %$S5 ft&i t600(ni)t 
tB# out of plfUEMi 3IB litnaiiig AAA tilt V OH tottr m% BZOir^»») &nA 
I28M0) car^« Slit pttitieii «f tut t t t altrogiBft mttat ift 13it 
iJlflBdEul i,ii eoPh tlmt ocorHSUMitioii vi l l i tuijr tut i t iNsttllDtt^ 
iztdt i t alst ttiattt^t tvi i t i i l frttt tlit i»r« Ixmit* Sbt tioMtn ( t ) 
in tisia OQBy;ft.tx i t ttftA iM>0iriitB.tt # 
Za p«tiiifiiltt.sti «it V liBi Hit in i3.Ajit SK ^ nftifig« ttm 
tut t f plfUMi SH iMAtfiiis t f tNt srimri' aaiiit 9P9m* ^^ VOV 
tiAd Wm 0-tUpl»itio«it«GHRlisiifttlt Tllrfttioiit t t t»r t t 2950(li)« 
i6iSCti)» i90C¥«t,)» 1905(t) mad U7t>(T,«J tt*^ vtiieti tppt«r 
t t 29ao(ti)» 1680<t), S50(nft.)f m9Cn)f I920<t)» 190$(n«.) 
tita U1ID(T«t,) ««•*• llittt t r t iaaitativt t f tlit t«tt mat 
tt trdiatt i ta t f t i l tilt t ix jHUKltiiiflt t t i t t t l t t witli a i t t i ts 
(T) t t t i r t , She tto^ttaatioa wifttr t f nitMaa (V) in t l i i t 
21^ 
Ztt qpimiiaiiitt ttar«t Imads •ooir in %h§ V 0*0 aad V OS 
ttatm Dftiids «|»ptar at l$70(»)t iSS9(«)» t540(«)t I510(w) A M 
I4d5(tt) 9^^^ Shtts ^tttmiatw eeorMm««» with laioUtMi ( t ) Aloa«» 
iritli f ivt disiimiem* 
^mxm ftt t$90(8K V €h»6 snift Vo»I>t t|^SCT«s»)i(rift« illratlotMi)» 
I450{ir.t.)( V 0«0 of {ii«i«U9 OH)f t35(v.f>.)Clli«iieXio OB in 
ptam Iwnaiiis) aaA t^K>(o) mtH V CMS) ntiioli apptar at 1L$60(v)t 
l$10(a), t41l»C0)f 128$(e)t aM l835Cir«9.) on*^, Shi «leiMiati4 
amlywtt of tlie oo^ gtOK idi v tl i i noiMeiilgfttiott of ilionoUo 
tijr4ros|t flroBpo vtiiili i s ^ n i ^ «i|NMrtod in a Doawaqoooiio mVrnt^ • 
flMi neiMdiiftliis of slMMotio OB in flaao twnaiiig vibration ant 
tilt pposoaoo of V ihC of |liMK»lio OH 9ro«9 Indloato tho ma* 
partielyatloB of IIIOBOUO Igriresigl gron^o* 3!|io liffKiiA ooovAlaatoo 
at tlio t«e altroftn atow of tlio «*0 • 8» m999» tmtmfim ao 
Iho lifMiAt Mo(vaBllUBHt3»9ro]^iMiAia»liio olievo tlio 
211: 
mHm)f (ring irHnratSoatt), X4$$(ii) (VCM) o« sli«ii»Uo (m)» 
t240(if) ( in s^aiM ^ntflas • ' <)H)t |.iQO(»)( V 0»]0 M A 1160(10 
(0««arenR%l<Ho«0«fili|^tio)« On <»oiQa«aQition H M M mvpmr »t 
164(3Cv««,)t 1600(0) , 14eo(s>, 1250(flt)« ftM 1180(») oT^* »i«8» 
i l i i f t i In UT^ #iew t l^t Hi* Ui&iiA Mit(i8^1Uii)l»2><»irop«tj!ii4UUuidBi 
ooorAlimtaA '^riif e.% ttm tm iilirog«B atumr And a^t at tfm |li«iioUi> 
liydroxil grettpn* All t&e f l td i^oriivr tons oeorMmtt ttnA ttM 
w t a l oMorJUui "vHmtii}!! ecotra »t 41S(ir«iir*}« muMim (1^ in 
11am 1imBa» of tis(miillliii)lf9»proiMUMdlefi4iiB at 16?$(n«*) 
( V o a fia& V CNilO* 1$85(Y*8 . ) (i^ittS ^vHBTittioJia), 14$5C») 
(V 0® at i^nolio 01!) 11239(») ( in slaMi iMittfliig at <^t 
1199(a) (V 0»H) RiiA ll$5(tt) ea*^ (0<Nai|liatlo.ia«Q-«ro»itie) 
ihi f t ta lC80(Y,a«)f 16O$(n«*)fl49O(a)»1255(is)»110O(t)tlljlO(a) 
mr^ aa nai^asatloa aiisalfjiag tUt aa«r4iaatloa af ma t ^ 
iiltraitA a«aaa of tlia «*0 • S» sraap^aaA BoiHpn^tieipatlaa 
at tlM ibanolie ligrdraaqn JT^MIP** HloUwi (V) ia lusa ooor«iaftta 
i n tlda aaag^as. 
Bta(maillla)triatAi|laiietatraaiiia tiiowa oDoa teafta at 
2 i o 
mo^h)i V I0B>« t(!SoC«H V <>«o ami V a»s)t I5^(ir.«.) 
C«rMRtl4i rii it «llafftttfMit)f l.S70(«} (m slant ^ailnff t f OHy« 
U5$(») <O*<ap»mt4t«#w0Nii|i|itti%tft) «Bi Ul$<ir«fi«}C V OX) MT^ 
«lk&«ik ttisNHar fit TOC^ c^ )^, t£60(»)» tiOc|»)« im)Mw n«0(v>» 
U50(i) aM 650(«) wT^ Jji flM 09i«i|««» tlift |r«atJt«« of OB 
•ifevftlimt* in tm wgmimm ttt tim mmfiLm ijMmUu turn n»ii» 
B^^ MMag of tilt hfltttiM^ iprimf •• 9m mh$t%im et nm Mtm 
m%% ftt 0»ir vl^mtloaft tfidwi ^»t eoeriliiatloii of &U tiio fo»r 
ai'^ t^pm itto»i of tilt tr|UH»la^ oiMitotroig|jMi j/mt of tte Sotiiff*i 
tiofio^  Mfioo i%tt Hxt tim olOLia^ i^  ioiifi ftlin ooor41i»to« tim 
&mTm.m^U>n. tm^bmf of nloHosi {f^ im nino IA l$it« 0M«9Li8t, 
lio t)»Ms of Mi(m«pLUii)t>8niiilii» at l$Oi>(o)»(VOMO fuii 
V®t^, l5aoC«> (»r©»me Tim ttlratioao), 1440(o)(V€M3 of 
llwoeUo OB 9*0119) • ia8o(») (la $|oMi teailag of gltMiAio OB 
groii»)t UtO(a)( VO^B) aai €10(8) oa*^  (oot of i^ lont IboatfftiiB 
of SlMJiDliO OH) tridloli on OOOVloSfttioA oppo»r ot tS90(no«)t 
tSaoCno.) i U O ( « ) , lUBO(o)» U40(fl) aM 695Cw) on*^ roipootifoU. 
MI^ M^ho ooorHmllott of HM too flftlso|»a mtwm io ofidltnft« 
Wlo^ lJtti (f) in Hklo QomloM lo flis iioiflritito 
2 1 . 
tl6$C«> (•««r»fli%l»*»««CMUi|liAt|it)t UitK*) C ^ <3*10 MMt 
€f6(ii) i8i*^ (#«% fll" i&iuat iMiaftliit #f OB iroiq^) iMie^ 9kppmm « i 
ll§§C«)i t<»5Kw>f l5J«»(i»fe), imM^ lsB€v.«.)» U«o(«) «IMI 
Slit if^rm srta ei«e^a «r Mi^iQife|lattt^tift)^t^tii&diiHidiiii 
j^Wfi li«i Ijtilts at l550Cw) aM 150&(tB) «*r* iMeli art a$!9 fc© 
ft% 1230 M T ^ * fti nonii^alii U f t a i w t t IwiPt ^ t h %!• iw^ 
««r%oa In R«lwiiiet 9i»§ (at* ob*ft«r IX)» Hui OWI^IM liiMro 
%UmMgm «t lf<o(v)t tiio(«)» t94o(v««») M i 73KKa) M T ^ . 
VbS.* UNWII tkKt iniiritiildoii viHi His liw fll»lap<#iBMi fttosf 
21 
mssf$0k fitoM i n i t s iMtt fmm^ mtlttMi (V) &• iMMOMrilMt* 
CAtierl^^ in duiflir I ) on OMq^ca&tlGii A«p«ir m% I6$0(«)f 
t$B( i )» I3ea<w) aaA 8 2 0 ( T , « , ) «tt"^* flsls i(bo9« tint ^ i * t i t 
nitre^n fttoMi nf turn limmA m mt pl^y ftw p v t In tli* mm^m 
fdramtiea* Sli» ^mt t^rm »t th* lifft^ iiAr is imslsi& MM^ ST AHA 
«)iN}riittttlft» witli libs t i * OKTSSA a&otta 9f tbt lDit« fmm nf 
i^fS UflMift sdoors* Sto £sir iM6ria«« oesriiaAtiAf «ittt Biolylm 
CV> »»](• i t 2$^ !Ka9«ii}3!'4iimt«« 
In ttMr iiieMiai ( f ) eoai^ «ic <if |}i«Cc^<Mitjriti«tt»nt>litiii^ii«t 
^Mr« & i^^ «ir lmM» at i64QCs)t l^loCsH (vo»o)a$40(»)( va»o» 
V 0»m» i900C»)( CBj «(KK«rttftU»ii)» XSmim)ion in B^^niiU rim 
in IOM tat i iBx« ef tti« li9&M>» nod as6(T,»*) MT^C 08 tftfir* 
iMti»tt of Hit i M i t t ItotitA ttrliott in tilt hjrifertjtft btadtA riag). 
flittt %uii» liMw tiMit tto Attt ltattttni 9^r« t f tbt lilpoii 
D»ii«btiai i t t jp t t f tml tMilt«trifli ( t t t tSb&p^n 2) ^ t t 
nftiAtftiAiaff tttr i iatt ioi i tiftjr l ^ t m ^ tlit two mtroiitt attat 
t f tilt btttidiat 9«rt Mt«iiB« iiitHtK ( ^ tepftatttrdlautt, 
flit tenlte t f %iMMl«i^4M»fM)«th|t«tt4iii«int t t l€a5<s)f 
21u 
i9IO(ir,».) C V OiC, V mn$ UffCfX ViS^tm U«0<i) 
fiitr#0»i AliWMr is 90(ia£Mt«« IBmm wiMkVm (1) i« linBMN>Qriiait«, 
thjt HMWiip'aii of M ^ 3 a i « Hm^mlUim alelHiiii (V) 
tttSBWM an l i^tdt iei i svini at tS.O i( i»«iilKl teaa aai VH^Q 
w!si0fei Mgr 1»i t^iia to «tM ili«lm«loii ef e|^lii^(stiio»«t«taM » 
14«42 !( ) • ^ ele«r inflaolloii peiiit at 3€€il*0 aaA vtlDit loiM 
of |O«0 ^ In ©a«»t oldoli ffiBjT 1»o iEMi to tlio ol.i»liiati«>» of 
out iNTjiiiiliMi Sf»looidlo« &flir mia sreiwvat of ent aoleooto of 
boBiiilatt tiMTO im tttmOMamm ^timiMktUn of etilLoriAMi 
aaA ISM livoiiA INtiwIiiiMi «oloo)tiL«* m$m Im ooafHotoA at 
40#0 at a naigit U M of 74«0 ^ ^ (SbM««t«U«a » «9.«9 / ) • 
Xft tnoUlovo totrakU ^^^^^^^^fgrnmUmKim • fSrot of 
a l l ^ i ro io loao of foor aoSNOoor i^mtoi l i ^ 0^«i^ at lIcPc 
wtmk I te obo, oo&^t Uoa ia io»9 ;^  aaA « » o»i#t tooo 
oaloHU««t io 9«U }f* AMI ttm 0|H^ aro iltwji eat at 5CC^ 0 
(o»a,«l,looo • 44.0 ^ • tt«0«»t«looo» 4|«9 ^ }• At 44lfo, 
«ota& looo of l icaai otMpro ani AQI^ ia foraoA (olia««l«looo»il*0^ 
21', 
«a«*1*t«toMI» ^.SO ^ >• 
In 9tatibtfb|jttrt )i|«(ato*ly|««t««iMl)lM>iisifliii« «OfB(|il*« ttM«« 
fi«« tsc^o Cob»«wt,U(M • 15.$ ^ f «&ift.«ta«iNi • l^«$9 a ) 
afli «uiii ftt 29S^ G tl«er« Is tllalimtioa of imo^wr 0l^ »<M32«O«cmj 
Cet%««vt«lo»o « 2$,0 ^ oaleoiA^e mt^Um » t?#l0 ^ )« fkHo 
iiiAlo«ifilio lilt oonoliioioii irautt o» l9&o ^ o lo of i»v» isptoliwl 
t^nBm tliRt moMffio CI') imstUmUB tdcrooidii die two fll«ro«ta 
atotam oaA mttHEOej^ t M ogqrfMi m'^mm of tte »«ttli9lftO«t»fio 9»rt 
of l io UiiSft* ^t 3@0^ o, msp9 m mmm^ of tlw total. Up^aO 
onl tio fiYo «fel«riAio« l^mt&oa of utoMna aotit oeenro 
ieh»^ii^A»m ^  #«0 ^ # o^o««0.lo«8« I8«l^ ^ ) * 
Xft loiaraoMi»r» liloCwolllia)%enii4SiiOt f i rg i of wXl 
fehMTo io roBiviii of tm w^oaqr iroopo al 24G^ G (etivl.looo >»9*^ 
Iiioo««t*loi0 • &«9i ^ ) • At O^O^ Of Hioro io %»m of tio 
ae-<^^y-OB (o%«»«t«Iooo • 3T.5 i^  § llwo»wt4.000 • 3t»S« jjf ) • 
At $4c^ o« tlNTo l« ot«loo« of 65*0 y, « 311I0 Mgr 00 Oao to mo 
forofttioo of KMl (tiM«,»t«ilomi» 68«t4 ^ ) • 
I I I totrii^toro Uti^ o»lloiU3liityii)lf >'groy»m<ltnotao 
21 <j 
^UMm%i9A 9i Wm Mll«9tiilqrit port i,ft« 0^ «^C(»l)OB 
««fct» iftMMi at 800*0 («ll«»«l«t*wi • 80*0 ^ awl «Ma.w«,UMi • 
80.^0 ^ )^ a«iv»%tiratlai Hit tUmmmMAM Hii» <»» ttMi te«i« 
«f i«r« q^atrad iMuili Unit ««or«|iiatibm of I I I»M«N <V) aaairs 
wiHi tto ttltroiift atvm* iixt i» t»li« iNHwviai af CBj^ OKg*^  
at 240*0 (a^a,wt,|»w0« a$»4 tlM»«wt«t»t« • 87*9 ^ )» At 
540*0* ttptmnm af lOia t^va aataX taleaa j^ttm (a%a»«t»taaa»€0,0 ^» 
esto,wt.iaa« • 65*13 Jj ) • 
lHaat flnltngi tfhev m^ mSmtj^m itt^ paet af tte aaoriUiatlaa 
elmiAmstf af iilalAiai tiat tiim n» laiMtliaaiaaa* tlda alaatrnxl 
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•^ w •< 
C < - !J 
Tmi£ ** 3«2(«) • I»R#!%nictrtt o^ t^w CmtuXvsimm /'^^ ') 
tmmmmmmmmmmmimmmmimtim'mmmmm wiimiiiniw »iiii»ii 
1, \{c^i^^i^x^vh^ci tmoivrn^) iMUm) i5ioCv»») isooCtf) 
i4eo(«) %^miv%) t34o(ii> ii4oc«} icB&cw} mt%{vti) 
99S(li) 0901 ts) 
&aDtl?) 400(b) 
310(0} 7la(vii) "TOMvir) eiSCv) 
3IS(m> 
a900(b) 3040(1^ l^30{b> lS^(«f) 
I&loCw) i47&t{!h> 14€0CRI} i37&C&) 
IWOit^ l09Q(fsd 1040C^ loaS(i4 
9S0Cia) ®2B(vW 0 ^ C t ) tSO(vw) ?lOCi^ Saotw) 
40Q(w) 
257D(«) 2440(t.r) 
3460Cir) 32^C&) 3Q00(b> 2040(w) 
230O(%.) aJ0O(©) I735{vj l69St©1) 
I600(&} lSaaif»0 i4liO(o) %4mi&) t390t«r) l3SS(v) 
1330(v) 2330(6) 1300(1^ l2i&Ci^ t2DS(tta 1170(6) 
1140(0} 1130(i9s) l07S(ts} 1040(a) lOlO(m) $75<vi}) 
9SS(%#) 930(8^ B«0(%f) Oau(^) 790(i() 67Mn) 
S3S(w) 41S(b} 340(v%r) 30D(b&v) 
4» |j<^a4«24^4^V*^**] ^^a 16iO<») lS65(ia} IS10(8) 140S(i») 
14SS(sa 137S(VI3) 1315(i) l%}S(im) ll©0(tr} lllO(Vii) 
10SO{0) loaSds) 1005(8) 96S(») 03S(«t} i3l0(w) 
2 t ( • 
790(if5 ^aata) 63S<o) eSOta) 540(ii) 5X5(im) 
440<f») 4lO(fa) 300(01) 33&(b> 
$• LcCjgjirjj^t^cijJiStoJcij 34a0Cls) 2S40tb) aS40tw3 
mu^) nmi^) i7oo(i«) i6Sot«h) i63o(») 
ima^ vsmm imoim) isssce?) z34o(«r) 
laootn) »l3&(fa) 1000(0} I03S(#} 950(m) 
6GS(vi^> 600(tf) 
8l0(v»> 79E(ia) 74$(lr) 
oso(v8) Bao(6) 
S7S(w> mun) %-mm 490(6} 
7 . &^3o"40^^iO^^3^**^] ^^a 3400(») 
a040(«r} a«OD(«} 162&(«} 2990(6} 
24S&(vii) 2370(v») 13IS(ii»} 2300(6} 






sao(i^} mom saoc^ 43oii>} 
2^(v} 
*"*• ^H^hih^^'S^'"^'^ ^H 29ao(ia) 2Q55(«> 262S(v») 
2&60(v®) i&ao(«f) 149S(VS} 2 4 a o ( ^ } 1370(&} 2340(w} 
2360(v&} U9QU> 1240(0} 207&(«} 203S(v^ 2020(vf2) 






0SO(w} 7«0(iMi} 7a0(iir} eao(b} S3S(«^) &2S(in) 
440(v») 3aS(v} 36S(w} 3ao(b} 
2'. C U 
». L<S4«3#0^V '^-^ ^ ""h 34%)(e} 3340(ve} 3230(b) 
290Q{|3) ZWOU) ieaS(ei) 160o(f3l 1S?Q(6} t&3.0(f»h} 
lS0O(i»h) 1,490U) I4S5(G> U4&(%f) I37a(e) I2as(»} 
U95(&) UT&Cim} &iap(v) &iOQ(w) 1050(w) lOlO(ia) 
9B5(v) 92S(b) naolv©) 7B0Cw) 7i8(i8) eiS(to) 
&IO(Vf») 4&&(s} 410(v) 
2720(8) 2SdO(i^ 








34aD(b} 2930(1?) 2e40(w) 
23I.O(W) 32a i (w) a020(%d I9l£i(i^ 
l*KJO{%if) X6aoie) X6K>(©lj) IS^(w) 
UlOi&) USSts) 14«>(0) i43DCoh) 
i lQS(w) l270Cvc> ia00(v») U70(vo> 
io2oivtt) 030c<vfi) etocn) oxs(i}) 
7JK){||) IKJCfj) 1C30(v) ^3S{v) 
h%Q%v) 4aQCa) 360(l») 
340O(U 3060(vit) 2660(W) S£00(s3) 
i!^ ;a(ia iss5(w) iS4o(w) issoii^ 
i49S(n) X430(%r} i420(v»8) 1380(8) 130&(») 1330(«> 
X2SO(o) X130(ia) 
aaoifli) 7d&(s) 
2040{ia) lOlO(iSk) 960(») 87S(v) 
tfio(v) 740(8) 6io(») sao(v) 
450(b) 
21 o 
IX. [S^rpxi''^^^^^'^ ^^ 34oo<b) aoaacw) 2oao(%^  
i740(m) i&ioivs) i6ao(v8) itioo(ehJ vsmim) isaacw) 
XSlOtfa) i470U) I390tw} X3SS(iii) ISaoiia) 120S(&) 
133SCe} ll€0(vo) lllOtvw) l04aU) OOOCio) 8S5(¥) 
760CII) €00(v) <«00(b} 
12^  [iQ^^l^f^^t^\lh\ 3J!K>QCI) 29QO(I«IJ liaD(ts) t695<Cti) 
mmtn) i640Cw) 1C0016> 1&S0C%<} ISlOtVo) 14S«)Cw) 
I400t#> I47SCV} ai460(m) i440Co> i4lO(v) 14CX)(w) 
i3^(v} 1310(8) iasocfi) laisin) iiaocei) iiascit) 
lCi3CH0) 970(%r) 910(w> 825Cia) 725(vw) 640{w) 
620(vir5 StKJt^ '} 4:^tm?> 4ISt^m) 
13# t L ^ ^ l S ^ ^ S ^ s W ' ' * ^ ^^ 3420tb) 29Cfe<v) 2420(v) 
ac^ aoivif) mmim) icoscw) tsaocvts) i4««if) i44o{fa) 
i400(v) X3ao(v») i251Hw) 1220(fa? llQSitSi) IX40(ii) 
l040tV8) n2BCai) ?05{%#) 
S60<v) S20(w) 40O(vi4 
X&ao(e) l460C%t} 14aS(in) 
7 ^ ( v ) 73Stv) 
340(vw} 
635(SB) 
3000(U i660(s) 1600(11} 
ISOOCvw) 3l30B(vo) 1200(e) 
UaD(w) 1160(«r) UaoCffi) 102S(«) 0601!«} OlMnd 
77DC«^b) 7301V) 630(%#) S95(v) 37&(v«r) 330(v,v) 
15. \jC^^,^^^i^fl^Vh] CX 340O(v) 2940(b) 2600(b) 
2340iv) 172S(v) 16SS(V6) XS90(tm) XSao(v6} U90(«} 
limim) U40CV) UtQ{v> 
U40(«} I03O(O> 1010(0) 
2 r; < 
I390(m} I3l0(vs} lldO(e} 
Daa(s) 790(w) 740(ni) 
TDSCw) 6S0(vii) 63S(w) 605{v) 545($4 440(fcfcii) 
295(lnr> 
10, [(CaorijjQtigCga^jrb] ex 
I730CW) 1655(91) S63S(v} 
1410(11) 144S(10^  I42S(W) 
3< x^:><i3) aaootw) aeoodr^ 
l&2S(ei!3) l%y>{n) limited 
l4QQ(li) l3aStl»t)} I3a0€o) 
latscvo) ia4D(i^) i2ao(t#} 1S.90C&) %im{n) lusie) 
iOTOCw) ai02S<ve) B60(ni) nao(e) T?0<w) S 9 0 ( ^ 
4SD(ts£i*r| 2§a{w) 
^^* 0^12^W 2^3^V" *^ ^ ^^ 3l<30(l>> 23a0(vii5 I700Ci4 
%640(W> 1 6 2 0 ( ^ IS^ OCur) l&3Mw} IBSOtia) I 4 0 0 ( V Q ) 
I340(v> lagodci I140(%) io25(w) a&Mmf) 730(a) 
600(b) 
in* \S''\^'^^^2^'i^^4}^^'] ^^ 3400(b) 3060(vir) 3020(w) 
29a>(lf) aQ40(v) 2640(1#) tW^iKv^ 2S40(«r) 230D(v%r) 
2220(V) i940(n}> i7XSCl#) I 6 a 0 ( ^ I6S0(%f) I575(fii) 
ISOD(v») I450(m) 143&(i.r) Uaoiw) 1305(6) 1360(v} 
231O(V0) 1210(ti) il90(t») IiaD(«h) IUO{f(} U00(6h) 
|0<iO(s} I030(«) IOiS(m} 900(») 97&({«) 970(ia) 
8ao(vo) <3XS(fM) eootvw) 500(V») 440(b) 330(m) 
2'c K. O 
/ 
19. [,(Cj|2l?3|lljCjjClg)|5t!j 34IOU5 33SS(s> StfiOlW 
26ISCi»j l^ pQOCa I7i0{i») I?3S(«id I100(vj 
ieioca) aeiou) isifot^r) as7Mi4 i&^cm 
i4lotve} i3oo<e) i»eou} laascw) laootvJ 
iiaoiiM^ loQoiw) a0aL.«> loosc*?) ssst®h; 
1Wi%r) fm{%ii esocw) 5oo(w> 44c(vw; 
IfiOCKim) 
^'* lj%I^W'S*^2^V^'^0 ^^ 5400(&) 32aot^ ^#Ot%d 
^4ofv) :^aD(iw) 376Dti»*»> am^tw) sf^ s^ ctw) 25aocw3» 
244toti?) a&TSCpo aastwJ iseoiw) isooi^) itsctw) 
ifSSDCim) l^SCv) 14SOCw5 14«-iv) i:^S{f3> 1300(eh5 
1340(vt^ i32Stv) l%^i%^ i2l0C«s 
loose ©I 3L04£(im) IClSCs) «XK>Ci^ 5 
X190C@> il20C%r) 
fiSDtV) tOOCliv) 
7301 ViiJ 62Dt%?> 430tU.v) : ^ i v ) 
^(. O 
Ti^ Bii: m 3«2(|)> I l»E«sp«?ctre of tfws iSw^m 
\m\ iiiii w>iiwi(wwM>iwtiww<w»i*wiM» HWMIIWMIWWfMlfMMfnWWMHM^^ 
WiKiiiiniii im iim mil w w w mimirMmiiuiD i 
%%1%W\ ISSSCvJ lS40(vwi 15I5<WJ 
%mi{^) I47S{B|} i46DCii%a I 4 3 § i w ) t3€0im} i 3 a D ( y 
SlOivn) 325CW} 
l090C%d I000i%r) 990<lrt4 9 3 5 t t ) 
^ISOtWtv) n S U > 61>S(v> 4001 w ) 
2* l#3«|>rop«!fm1i^?;^Jr.© i 330O(t>) SOOO^b) 3r54CiCli i t lSCvwJ 
I6SDti*5 I540<©3 ISSOCw) *53S(St^ I4fi0?f3) I43a(») 
141SCW) i37Si©3 n S o t v ) i 3 * D ( i ) l O W l w ) l05o(v ) 
e^(b) imm 4101 w ) 31DC*/) 3^CV«r) 
3» OpMTT$fXui:cKll«^iiK' 8 25120(0) atJtOCs) 162MirO 
ISOSlw) t4©6Cw5 14&Stis) I310(vs) tl^toCua IZTOtw) 
Jl345i»> 1I5£(V£.) UlOd*-) lOSE(o) l c3Civ t> Q a M w l 
0TN5t*d 




4« pWMnioldino t 
mm'>'Mm»mmmm'iMim 
i4S£(m} I43&{fai 
as)Soa) afioo(b) i6is(t) isoccei 
I4a$(«ri laoste) im&twj iaoo(i&) 
I l f 0 ( i m } UlO(s i ) ilOOCv; uao i iMt ) ^4&<m) 





S» Cuii t tWif.v t 163S(v»r) S630ii|fir) tmCKm) XtXO{uW 
&90Q(e} UZUvti ll39S(v%d l37S(i^> :i33SCw> l3ISt f i } 
I23o{0> aaocMtf) o3oti«) ?aocvE) 74£{v«) muya 
<JiO(«) 3?DCv '^) 340<W) 330(w) 3ac(¥v) 
&m rieiv«5f3il2.^4) l * 3*«prcf>©ricsi!iat4ir.ct t imoiMii I640(m) 
iB95(si5 aiS40(w) SBoSin) imu^'i 14S5(n) 14ay<i:a 
l i a S i w ) X3'?ECw) l3Sm««) S23SCS) i240C*^) I3K&C%0 
3li6Dlrj) I l tSCtO lO30«©> IseSCnJ OiO(a) ?««©» 
<30Qi®) 
3S!:Cv%?J 
S70(w5 ECKJ<w3 43E 3!!Sim) 37a v) 
lG3S(vs) ISaStv©) ISOSCvs) i4SS(m) I425<£si) I33£(is) 
1260Cii) 123511^ 
9€0Cv) J5i30(n> 
3901 w ) 365iv> 
tlt;S(0a l&&S(t:»> U2M0) l02S(fi} 
fjaots) 7iotw) cTsirt) oanw 
(llll«»«iill»li||«ilillll<j||i>i<l»llil>M,»ll<l«>«ll|iiiliiw-rl«i«<'M>«iwlWi»*iWI>|iJW»»nil»i>l«r>lilil«|iWiMwlra«^ 
chciptcir X « f ^ X I * 
This c.'^octrisl l-.««5«So a m g l vm i i t i a» 
v#«! •• Very ©fefcrig, n m stCtoTig* s • 
V •» v^RBk, v»v« •» Very iMSiitlCiF b • t'tcm^B. 
% w9l^Hi leim 
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<C t^ -.^  
1« ^« I!. Fmsptrt B*0,S^l««l^«» M*aQld0t«io, t^l^MJIniimmt 
J* Gb«B, 3IH)* (A) 70>»t (1970)• 
• . J . ? , %iia(ill» a,l,ai ipt«t H«ir,?r£j)f!ii«t ^ctt? CMBI# Acad. Sei , 
JSlt 37m« 7 (197*) • 
^)^a»l«ar « M s.T.1Qrr0«» ! • « • , (»»«• Soe« §]» 9770 (1961). 
tO» <}« J , Siittoiit Aii8t« J« tl i t«« |gt 1899 (1.967)* 
H * <r» p« T«tt»gf F»B,oil.i6rtf and a»itmikiju»iit J . diwi, s^o, 
&178 (1964), 

A «grv»y of ohMdleal Uttratsro mdnting teAaj 
reve&ls tfaat l i t t l * $mmm to httve Itooa Aoao to imAtrotmnd 
tbo oooi^dimtion elionlotry of pentavalont te»tftl«B« Tlam 
veforeaooo oiteA for meMtm (?) in olmptev XIX oloo roport 
etisltar work on tlie eon^Xoaws of taatalim (?)« & lot ooro 
iff aoodoA to ^ <lon« on tim eoi^loseoo of tatilaliia ptata-
obXoriio, 
lOom ireetaat eliopt^ teals nitlt tlie eenplexos of taataloin 
pe&taotiloriao vitli o<«>^ 20aEii3ttiroXlnOf tiemldixiOt o^diaiiialdinOf 
0«>pbiia3rUi»aiaiaii)*» titt (aaUoylaXaot^ifdi) otbj^eaediaKlni, 
bio (oaUoylaiaoltyte) ].«>fropai}Ofll.aalfitt» 1^o(fialioylaUabjra») 
o«>ptieiiarl«»a flla»iiio ms& Ms (imtiilXiii) lt>*iiropaiitdlaaliiOt 
3!booo oo^plttoa iMto boon sijniiiiooisod and eliar&etoriaod 
with oloMiital aaaljraio f^ MrboAf IqNtrocia aoA nltrofiii* 
«,p«/dooM9eoitloA toaporat«roo« oolouTf aelar oonfliaetanoo» 
i«r« flfootra anfl t1»raogra«lsiotrlo anal/aio, 
Ite Miroo of a l l tlio origaaio aoloetiUo and tho froparation 
of a l l tlii oohiff iMiaoo aood la tMo otadjr aa Ujanao aro 
21 u 
glvan in ota&pter X msA ZZ* Hit oe^pUxts «tr« prtparta as 
glvwa i& olmptor ZXZ* 
Shis ee^plexea ««re onalystd tvs Ct H« aiiA S at th* 
BieroamljrtiGai wotion of thin a«p«rtiriGiit* Ttm t»T, apaetra 
w©r« raooraaA iHitweeii 4000* 2D0 oaT* ia KBr pl»aa at the above 
departmez^.fl^ deeoB^altion toffiparattres nera obtalnsd on 
a slcq l^a ttaZtlns point apparatna. Slia ^evaograBa w«ra takan 
on a mainaaUy oparated isaolilnia t>«tiv«an asblant and 600^0 at 
a haating rata of 6^0/ niniita* *Sto» aolar condootansa waa 
aaanarad on a iMUp'a eondaotlvlty tridiei aiodeX m S^OO 
«ltli a dip t;rpo oondueti'vitgr ooXl at 1.0**% dilution in 
diiattl^ aolplMMcide or dinatlqrl foxsMsoiida* lolar oond&otanoa 
of eoaplaxaa l«7 havo tiaan Boaaorad in mso and tha 8 ]^bi MF, 
Ilia almentai anal^ rM* of tlia oos^laxaa for oarbo&t 
toyftroffin and aitrosan abov tlia oo^poaition of the oovplozaa 
aa giivn in tabia 4*1» Sbo oo^plaxaa with o«*diaaiaidinaf 
o«plioiploaadiaaina« l>ia(oaUoylal.dabyda) atturlanadiaBinat 
ara i t i alaotrolytoa and tbi oeaplaz miXh Ma (vanilliA) • 
2: K^ Jt 
lt3*$ropaiHiAiiinitii«f ! • « ]ioiii««litiitroljrt«. iHm mmsilwt 
eleotr<»l3rt«» s^%a iselcr oosAiietaiieii of tbc oo&q?lmE«i of 
o«*pbiiiaiitlroUni9 h»mlUm aM tiii<0RUojnft3.dtotQr4o) ItV^a^poat* 
dlseliM ooiilift not IM laoaesrod as tlt^ «er« not aitqmtaljr 
mUrmtam^mm^ mci^ at 10*% oonetirtratioa in ai«»tl,n 
•ttlflitxiii wMob la a XSS eXaetroljrlt iff 2li7«0 otaT^ oiAwU*^. 
i^!l3e isfto r«A ftfaotra of ttie tmteX oomplexoB tiava tean 
fl^aparad vltli titiaa of tlia ooarro^^jtdiits Us^nAa* Sehilt 
ana 3!i^ lor*' rapc^ad tba infira rat apaotra of a natabw of 
iMital ottalata oi^i^aMe of XtlCHtliamaftlsroUJaa. Tit» apootra 
«aa ilfrioiat, tbtM aaA AIIMIA^ hairo AiaottasoA tba infra raft 
apaotra of o«pliamiilliroUiia oo«pX«Kaa of Utanim (III) aai 
imiiaiiaa (IT) aM haipa wUla aoaa liiaBA aaaigmwata* Sbira 
ara aferong abaorptlona at X$90ff 1$10 aaA 1430 OM**^  in 
o^yliaiiaatfaroUiMi iniioh ara aliift d to tii0mr tnqa»mf i.a« 
1995$ 1520 and 14$0 OB**^  in tte taataXaa ooi^lox, 1!hia ia 
aiao tlio olMNnnatioii of SoliiXt and Tbytam and Klian aad itaad. 
2l\. 
Tim strong tnuiit at I2£0 ftoA U40 OB '^  in o^ f^aBmntliroUfit 
ffiAir Iw dtift to tA»plani UiaNb^ ostn itf«niAtioti aetloiui or to 
ring IdLtrfttioAo* fbsm ero iilje ililft«a to 8901 740 9mA 
720 OB ooogiloxaLUoii* Xa ttie tltaai«B (XZX> o l^ioiioiitlsroUiMi 
ooim t^oz aloo tliooo teiifte |» down in JUrtq^ noiioar* 3!ho shift* 
in t!io iMuiae ot tiko U i^Mt 0em ttm% ooorAiuatioit of tlio 
tafEtalmt (7) fm» talcon plaeo witti o^plitmstlsroliao* 
Iho ia^ra reft opootra of th» lietiftiAiiio ooi^los WM 
90w^feae%t witb tliat of beusi^ino itaolf • OoMonta' WHO tbo 
first to rooogi^s* tho fSra^ tiofit oooo^noe of en absorption 
horn ma» 9900 rnt^ in jitimxy soiiiis, BsU^ ostsbUiiisA 
tliat i t «S8 duo to tlio BIT strotoMiiK vitirstiofi snA £lUs^ 
oonfiraod tt»t ttiis bttnd «ss sreooat in sU ptimupf snA 
soooadKry oniBSs^ bot sbsoat ia tsrtiisry saiaos, Zbs boasidiao 
noioottio sbovB aa aboMPptioa at 9J90 oa * (m) «rta.oh nar bo 
doo to SB»«troteliiag irilaratioa«^ oa ooi^Uxstioa with 
taat&iaa poataoUorido i t sboirs inry Uttlo abift as i t 
ai^ posrs at 9540 ea* (^B)« ssthirlftaA^ disoassod t1» BB -
dsfora&tioa ia aaiaos saA asssrtoA tbftt tbis aooAtA tStoroaSh 
stndy* 9mt ttiGrs is giaaral sgiotaoai tbat tbo m^ iatoraai 
2[ t , <j 
Oeformtioft mote eooors i a tlui rattat 1650*1990 es ** in 
of oo^poBttta aneli lui astt^jlaaiiMiir, aailiiMi't liisrarasliic^ t^ 
•iil>ititiiit«d f^ dTAsioMi^ ^ and a wmXt landMr of loiig oteia 
ttaii]ioi^^« Shio ¥lte*fttion ooeiir« at 1669 o«*^ ia btnslftlii* 
&DA |9Dd0 donspa l»o 160$ fls o& ca^ s^ lisstt^ too* 
Geltlaii^*''' toe gliroa tho on »tr«^t)l«s •itration ia 
aroSMttio aelata a» prSatarsr* 1540 «• I S ^ toT^^ aaooadary 
1590*12^ ctt^^^^rtiery, 1360-1510 oT^, a*dBl aad SkrljljalB*'* 
bavo atudiod %\m ofifeota of dastaratioa apoa tbls abaorptioa 
i a aniliao d«riimtiir«@ and fooad ttk-^ t tht t»aad iiaar 1260 ea*'^  
Boiraa to mvc 1390 oa *• Sbia ideatif i»« i t with a OH atrttobi&g 
aottt.fbo ^ 01^  oeoira at 1280 oa**' i a litaaidlai and jpaa dowa 
to 12i$ ea in ttit taatal&a em^twg^ Sbo m^ roi^nff vitratloa 
oootfra as a otreag twad at 825 vaT^ ia boasidiat. I t tma ^oa 
vopertad ia tbo raago of 819-S50 ea*^ iroTiooal/. Shia levaro 
dova ia f^oqiioaor to 015 OBF^ aad aloo teooaea Iroad i a tlio 
tantaltoi ooaplox« Zba ahifta in tn« fLndra ¥td apontma aad 
%\m rodiwtioa in tbo anatwr of tHo tiaaia protoa eoordination 
of tantsalna wittt bonsidlao aa a Mdanlata ligand. 
2::: 
3ht i«r, iftetra of owaiimli^aiM show m tomiA at 
nym sfootm of i>«^aBl«idiiie witli %ttSL% of DtBsiaiiiOt • fiv 
bftBi asAignneiittt misr bo done, 1%t© tlio Imiidsot IfOOCo) ftnd 
1280(») on*^ in o-*difualoldiBO sey )>« resxrdod at e»» otrstobing 
vitaratioiis. Thoeo ooonr at lg€$ laB*^  in !>eiiaiiii!i* 3lio BH^  
rooSEliig flre<|tioao7 Uta at 809(a) d» » BOv o& eonplffiication 
< i » l tlw M^ bonaiiiig iritratioa oeoiTB at 1620(o) OK '"t tbo V cs 
ore fotmA at 1260(9) aaft 1195(0) <m # aaA n ^ rooldug at 
810(ve) om*^ . aioao portor^tloiia i a tlM i , r , aboorption^ of 
o«»diaiiioiaiiie ^spUeitly tStaem tlio oooraimtloa of tactaltoi (t) 
vllti tlio M#i]x6at« e^diaiiisldiiit. siaoo only one olaloriao la 
oat of tlti eoo$*^iaation ai^ iorOf tlia imorimmtion ni»d>«r of 
tantalui (T) in tMs oo^^lox la alx* 
Xte ••phimrloflo-iftlaMiaa attovro prowiaoiit al»oorptioiaat 
1990(B) and 1499(B) mT^ vbleli aroteo t o V c » C o f t b o 
BTOsatio rialp* IhB alMwrptloa at 1499 (B) OBT^ IB dao to 
tHo ptenn f ins, tUtoo %% I249(«)f U:^3(B), 1099(b),1090(a), 
aad W(«) m-^ «r. too to o^t,«tltatod phen^ ring ana 
tliBt at 1270(B) ie OttO to 0-«roMatle-t Titration.**•^''•^® 
2[, ci 
on O9ms/l9m,%i0n tteVo «» 0 sliovs tip at 1995(W)«196$(B) 
anft 1490(T») OST^ AJIA in plfte« of 1;S10<«) MC^ t tliir« 
tkfpmsp tv9 alMwarptioiis at 1.9l$(a) <» aiiA 1290(B) OT^. 
1^ mBHtmt of i«r« abii^ptioiia imraaMs on oeB|plMCfttloii« 
Sb|» eoordimtiefi ttrouisii oat of tlw two nltropa atoaa 
oeeura anft oima tlia oi»apl«z la a ISl aiotrolyttt ttai 
eooraiaatlott maalbm: of tantalnai (T) ia d in tide ooppUx, 
Hia tila(8aliojrlal40l3arAi) att^omdlenlno'^ atiowo lianaa 
at I690(n) ana 1570(a) os*^ wiiloli are AM to tlio pliafian riat, 
at 1490(m) mT^ Itao to QZn atrotoliiiig, at 14$0(B) cnT^  flea 
to OBg iofoxwition* Hit vitaratioBs diia ^ o*«tilMitltiitad 
pDonyl ring oooiir at 1140(a)* l03§(a)» 1015(a), 97$(»),74«(8) 
and 795(o) eaT^, flm waak 1110 mT^ \moA io tea to ttio CM> 
atrateli&ni in tim oholata ring of fito liauift, Tfaa strong boaA 
at 1260 o»**^  i s giirta lir tlia OB atratobing in tlia »»1)aaAtA 
ring, on ooqplaiation with tantalns (?)f tlia \^  o » IS g»aa 
to 1905 mT^t tlia V OH in B bonftod ring broad^ M and oooira 
at 1275 oa '' and oo atrotohing of ttio oholata ring of tlio 
ligRad g»oo donA in tfqmmf to 1005 OB*^« mo i»r« opootra 
of tiMi ooaplax ttma indioato ttet ooordiaation of bia(oiiUojrlal» 
dabardo) otfegrloBodiaaiaa oeoaro with tuitalan (•) ohlorido 
(LKS '<) 
ABA ttmt tto lifuiA twtisirM «s % fleiivfitiioUomX Boictjr. 
itttsi f«iir elileriAt* oo«riit»itiii«> tuataittttt (T) in tM« 
eoRflAx iB six ooordlBftt** 
3!bj» i«r« at>apr1iiiiie«s in tti» oast of !>la(oaUoyl«Ultt)7a»)* 
Ii>*|yop«iMi^iiimtHi luiYt bMa acsi^ MiA a» i& tlL« oao* giirtii 
iibffir*. !Bkt l>8li&s at 1690(B) » 16§^(«r)i X630CY8)f X$^(a)t 
l$loCn)t 14fO(t») OET^ f^ 9SB» to t l^ fmnjufatoA plaoDrX ring* 
ttiat at l$2$(ii) o»*'^  ant to ttto V 0 « !» and tbat at I459(»)«nrr^ 
* . . t . OH, ^ . ^ a t i o a . » . , » M . ^ ^ ^ at X275(«) O.*^ 
i« affflip»A to OH in ll»l>oiidiag aitd ^ n ooft at 1080(«) oaT^ 
in glvon tgr tlit CM) a^otoMiig in tlia otttlato riag of tlw 
UpiM« 1^0 tends at U90(fi)t X3.20Ca)t XO$$Cn)« l030(«)t 
1015(8)» 975(8)» 7B0(a) and 7i9(w) ott*^ ara given tar tha 
o-*aat>atittttad phoqgrl ring* on ooa^losatioa tfai 0 • H goaa 
to t i l#tr f^ oQBOiioar (1590(a) OB*^ )f tha OS ia iwbondiag 
laroadaas t«t otajra at I275(ir8) os** ,^ 3!hia liioiia tlmt ooordiiiation 
of ^ 0 (»alicylaiaab3rdo)lf3»iyopftndtftMino with taataloa ptnta* 
olarida oooira vitlioat tha ioalaatloa of the hjftroaqrl groapot 
throtii^ tht two Bitrogtn atono* 
ftaa hio(oaUo7lald«tqrda)o*]^]iiylaii»aiiMiiia ahoaa too 
aDwrptioiw at 1600(Ta) AQA 15dO(«) esT^ wMeli «r« as* to 
V 0 « C «t ttii» pliiQ3rl riag, lUls appi^ ars At 1600(B) CHT^ 
in tK. ta«tei«. (») ««pl»x. BH, W50{») c - l « l » « ^ l , . 
oGcarviag in t!ie UgiiiiA.vblolfc i s duo to V o • K» leota dowa 
in ll^iiiitnosr cmd ooQttm ftt l$l$(ffi) (»r^ in tbt eoa^lox, SIMI 
othisr iJi^rtaiit ed^wspp^ioxm «re UtDCe) esT^ Att« to pbeogrl 
1140(8) otf*'^  ^ t te tbo (Ma 0lapetolsi2)g in tbo obelato ring 
of tlio HsfiM, TbiB bani l)oeottfts tvoaA on ooiqpioxatSon* Sbo 
baM at 1265(e) ^*^ in tlii li^ind iMoli i s One to OB in H • 
lioaioa ring otajfo at tlio oeaso Snifoenear tsat tiroadono or oontple* 
A 
satiofu flat o»siibotitiit«d pb»Q3rl ring vitarations ooon^ing 
at I090(w), l09S{w)» 102a(w) &n& 089(a) os**^  in tho bioCoaUojrw 
lAiaol9srAi)o<»pl»n9l«no4iaiBiAO ar« roAiooA in mxib&r And onljr a 
wry nook AlMwrption ooAtffo at 1090 OB*"^ , Xhio iadioatoo 
ooor AinatioA of tlio li^uiA tlrooi^ tte tivo nitrofltn Atoao 
•Aking tAntAlim (T) AS fivo ooorfttmtt, 
Ttm AlNiorptions of tlio liflaoA, )»iA(TAnillitt)l95«pro9Aiit«* 
AiaalAO (•#• oliiptorXtZ) i«e« V o « Q AndVo « S^  ring ilbra^ 
tioryi» V 0-^ } of FlMOOlio OHt i»»plaai liendinj? of OHyalipbAtio-e-* 
24 
mOmepomnn tm9«r at 1690(Y»)» I990(ir»), 145$(«)»1900(vt), 
1205(0) ftM U7$(n) mT^ in Vb0 <M»n^ l«>x« auibaliui (T) tints 
eeordlmtts with tlit UigaBA tlareti^ tin t«fi& ultsrefes ateas 
fmd i»t tint) na!)^  tbe hyOroxjl ffrestpe mklAg tbe io»tal liipte* 
Qoor^ tinata* 
%• thiniograB of Hfl(infU!illUlk}3.f -^prop&nedieaiai oonpliK 
atmws aa infUetioa point at lO.O /^  nitii^t iota aad • tanparatura 
of 120^ 0 t utiioli aigolfiea tlm eUsiiiiatioa of c«o mtlmixy 
grofipa (tlieo««t,2iiS6 « 6,84 / ) • ABOtlser infleotioii point 
appoara at 0)0^0 witli a irtiKbt lots of i6«0 J^  « IMa nay }m 
^0 to tilt oUfidaatioa of 9^^^}—^^ (tl»o,wt»loa«»l5.0 Jf). 
!aii8 iMieatea tt»t tlio lanillia pio^ of the aoiaoalo ia not 
iJBmtwai in oQordiaation i«o, ISm W^v*^ srmpn do net 
plajr 01^ role ia Madiai; tlia aatal vitb ttm Us^d, At 220^ 0 
tlioro io a loae of 22*$ ^^  wisiroae oUMaatioa of OB^ OE^ OI^  
Yo^ oiJroa a loaa of 2i«0 / • At 469^ C» tiaero ia a lo«i of 
o 
4§«$ / irtiiAh ottQva total Ufand loaa Ctl]fto,«**loaa «• 48*85 ^ )• 
flila afca^ T iiioiio Hiot taatal«« (ti Wm sioHtai (T) 
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